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Foreword 

This collection of papers derives from an undertaking unique in the history of 
international cooperation. 

In the spirit of the United Nations Decade of Development, delegations from all 
the member countries of the United Nations were invited to gather in Geneva, in 
February 1963, for a Conference on the Application of Science and Technology for 

e Benefit of the Less Developed Areas. The purpose was to discuss, from the 
viewpoints of the scientist, the technical specialist, the planner, and the policy-maker, 
the many problems confronting the millions of people whose ways of life are being 
altered by social, political, and economic change. 

All participating countries were invited to submit papers on a wide range of sub- 
jects pertinent to the purpose of the meeting. The response was of such magnitude 
that it was necessary to limit both the number and the length of the papers admitted 
to the Conference agenda. Since the U.S. Agency for International Development 
wished to make the total United States contribution available for future reference 
and study, it decided to publish in full all the American papers prepared for the 
Conference, including many not on the Conference agenda. (Titles of all the vol- 
umes in the series arc listed on the inside of the front cover.) 

In the series will be found contributions from men and women in United States 
universities and foundations, in business and in government The authors were 
chosen as recognized experts and scholars in fields of special interest to developing 
countries; the opinions expressed in the papers are the authors’ own and do not 
necessarily represent official positions of the United States Government. A number 
o e articles are collaborations of American specialists and professional colleagues 
rom other countries in line with the expressed desire of the Secretary General of the 
Conference to have joint contributions illustrating the efficacy of cooperative projects. 

These volumes supplement an already growing body of literature in the United 
States on the problems and processes of development, and on the experience and 
techniques which can be of use to those engaged in planning and carrying forward 
development activities. As a guide to this literature, the Agency for International 
Development has prepared a Selected Reading List, which briefly describes some 1,200 
recently published American books .and, articles relevant to the subject matter of the 
Conference. The Selected Reading List has been published as a companion volume 
o this series. Most of the books and articles cited in it have been collected for 
display at the Technical Library of the Geneva Conference and for subsequent 

S Ne^ York 0 thC ^ Hammarskj ‘ old Memoria l library of the United Nations 

The Agency for International Development organized United States participation 
m the Geneva Conference by establishing an ad hoc Science Conference Staff, directed 



in 






ERjt 



•; jK v • 



by Mr. David Tilson. This staff was a division of the Research, Evaluation and 
Planning Assistance Staff, directed by Dr. Edward C. Fei. 

In approaching its task, the Science Conference Staff depended for advice and 
assistance upon a Public Advisory Board, a series of Technical Advisory Panels 
selected to cover each of the main subject areas on the Conference Agenda, and on a 
Steering Committee consisting of Mr. Harlan Cleveland, Assistant Secretary of State 
for International Organization Affairs; Dr. Walter Whitman, Science Advisor to the 
Secretary of State, and Dr. Jerome Wiesner, Science Advisor to the President. 

The Public Advisory Board was appointed by the Secretary of State and consisted 
of the following members: Dr. Walsh McDermott, Cornell University Medical Col- 
lege, (Chairman); Dr. Dedev W. Bronk, President, Rockefeller Institute; Dr. Harri- 
son S. Brown, Foreign Secretary, National Academy of Sciences; Dr. Robert A. 
Charpie, Director, Advanced Projects Research, Union Carbide Company; Dr. Fred- 
erick H. Harbison, Princeton University; Dr. J. George Harrar, President, Rockefeller 
Foundation; Dr. J. Herbert Hollomon, Assistant Secretary for Science and Technol- 
ogy, Department of Commerce; Dr. Allan R. Holmberg, Cornell University; Mr. 
William A. W. Krebs, Jr., Vice President, Arthur D. Litde, Inc.; Dr. Isador Lubin, 
The Twentieth Century Fund; Dr. Max F. Millikan, Center for International Studies, 
Massachusetts Institute of Technology; Dr. Robert Morison, Rockefeller Foundation; 
Dr. Arthur T. Mosher, Executive Director, Council on Economic and Cultural 
Affairs, Inc.; Dr. Frank Press, California Institute of Technology; Dr. Isidor I. Rabi, 
Columbia University; Mr. Thomas J. Watson, Jr., Chairman of the Board, Inter- 
national Business Machines; and Dr. Jerrold R. Zacharias, Massachusetts Institute of 
Technology. 

The Technical Advisory Panel for Human Resources consisted of Dr. Isador Lubin, 
The Twentieth Century Fund, and Dr. Frederick Harbison, Princeton University. 
Dr. Eugene D. Vinogradoff, Department of Labor, acted as Scientific Secretary. 

The Technical Advisory Panel for Training of Scientific and Technical Personnel 
consisted of Dr. Arthur Roe, National Science Foundation (Chairman); Dr. Bowen 
C. Dees, Mr. Howard F. Foncannon, Dr. Philip W. Hemily, and Mr. Thomas J. 
Mills, all of the National Science Foundation; the late Dr. Francis L. Friedman, 
Massachusetts Institute of Technology; Dr. Dael Wolfle, Executive Officer, the 
American Association for the . ' dvancement of Science. Mr. Robert F. Hull, National 
Science Foundation, acted as Scientific Secretary. 

Mr. John H. Durston and Mr. Norman J. Meiklejohn served as editors of this 
series of volumes. 
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Introduction 

In the eyes of the political leader and the economist, as well as the man in the 
street, the primary function of science and technology is to improve human welfare. 
To them science and technology are tools which, when properly applied, can help 
the environment to yield more and better food, more and better housing, more and 
better education, and better health. On these benefits to human welfare depend 
the kind of stable society that is essential to the existence of free political institutions. 

The availability of science and technology does not guarantee, however, that the 
economic development of a country automatically will be furthered. If science and 
technology are to contribute to the productive process, special talents must be devel- 
oped and the population must be trained to apply the knowledge and techniques 
effectively on a broad front. The availability of people with the necessary skills 
determines the direction and the rate of the economic growth of the developing 
countries. In the end, it will be the ambitions and the know-how of the peoples 
of the developing countries that will determine whether minerals will stay in the 
ground or be transformed into goods useful to man; whether oil remains hidden 
or becomes a major source of power and heat; whether roads remain mud tracks 
or are transformed into arteries for trade and commerce; whether education will be 
available for youth; whether the old will be cared for. 

In short, the most important investment any country can make, whatever its stage 
of economic development, is in its human resources, that is, in the education and 
training of its population under institutions which create incentives and make it 
possible for the individual to realize his aspirations. 

The experience of the United States reflects the importance of training and skill 
in an environment that stimulates imagination and initiative. It is still within the 
memory of living man that sheer human brawn was the basis of wresting a living 
from the American wilderness, of building homesteads and developing farms, roads 
and commerce. It is only recently that most of the great advances in science and 
technology have taken place, and it has been only in the present century that these 
advances have been widely adapted to the practical use of man in his daily life. 

For generations the United States borrowed its technical knowledge from other 
countries and depended on foreign universities to educate many of its youth. Indeed, 
up until the early years of this century, the United States was largely dependent upon 
immigrants from foreign lands as the source of a considerable part of its skilled 
labor force. 

The real industrial revolution in the United States began with the wide spread of 
universal education at the elementary school level. Today, almost all the young 
people graduate from elementary school. Two-thirds graduate from high school. 
More than one-third of the youth of university age are in institutions of higher 
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learning. The result has been an overwhelming increase in the number and the 
quality of skilled and professional people. 

With the explosion in education came a shift from a primitive agrarian economy 
to an industrial economy with an ever-increasing supply of goods and services. 
With it came also a change in the place of the United States in the world economy. 
The United States became an exporter not merely of agricultural and industrial 
products but of the methods and techniques which make the increased production 
of goods possible. 

Today there is no reason why a developing country should proceed laboriously 
along the paths trod by the United States and the industrial nations of the Western 
world. The policies and programs developed over the decades to improve the quality 
and the utilization of the labor force can in large part be transferred to the developing 
areas and adapted to their needs. The papers which follow stress the importance 
of the native population as an integral and major factor in any plan for the acceler- 
ated application of science and technology. 

In “High-Level Manpower Development and Economic Growth” Professor Harbi- 
son points to the direct relationship that exists between the prevalence of high-level 
manpower and the rate of economic growth in various countries and suggests 
methods of accumulating an adequate supply of such manpower. He emphasizes, 
however, that of almost equal importance is the efficiency with which the supply of 
such human resources is employed. In many instances, highly trained people are 
being employed on jobs beneath their skills because of the unavailability to the 
economy of persons with lesser intermediary skills. 

The important bearing of population growth and distribution upon balanced eco- 
nomic development is emphasized by Professor Hauser in “Population and Labor 
Force Resources”. Rapid population increases, he states, may be a major obstacle 
to economic development. Other factors, he points out, such as adverse population 
distribution (i.e., higher proportion of urban population, unfavorable age structures 
and inadequately educated and trained manpower) also stand in the way of attain- 
ment of balanced economic development. 

In order that there may be an assured supply of manpower with the required 
education and skills, it will be necessary to know what a country’s future needs for 
labor will be. To ascertain this need requires an assessment of the current labor 
supply. In dealing with this problem of “Manpower Projections and Techniques”, 
Dr. Wolfbein makes suggestions as to how the necessary information can be secured; 
he reviews projection techniques employed in the United States and discusses how 
Manpower projections can be used in developing countries. 

Messrs. Saks and McVoy, in their paper, “Techniques of Manpower. Assessment”, 
describe the types of statistical data that are necessary for translating economic 
development objectives into Manpower needs which they illustrate from their experi- 
ence in a developing country. They place great stress on the importance of sec- 
ondary, higher technical, and professional education in attaining balanced economic 
progress. 

Manpower, of course, ranges from top management to unskilled labor. Professor 
Hosclitz’s paper deals with the crucial importance of entrepreneurship not only in 
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private enterprise but also in those branches of Government which are responsible 
for public investment and economic planning. He examines the problem in relation 
to commercial, financial, and industrial activities and points out the different quali- 
fications which persons performing entrepreneurial roles must have to operate 
successfully. He also discusses the sources of entrepreneurial talent, the possibilities 
of training such talent, and the establishment of conditions favorable to the exercise 
of entrepreneurial activity. 

Messrs. Toulmin & Chandradhat also deal with the problem of entrepreneurship in 
their discussion, “Improving Public Management in Newly Developed Countries'’. 
They point to the fact that the importance of public management to national devel- 
opment is often less appreciated than some other development prerequisites and 
suggest methods that may be used for improving public management in a develop- 
ing country. They point to the need of fitting the method of improvement to the 
situation prevailing in each country and give particular emphasis to the care that 
should be exercised in the selection of key officials if development is to be successful. 

A detailed narrative report of training techniques and an assessment of their 
efficacy is given by Dr. Ewing in his paper, “Skilled Manpower Training to Support 
Industrial Growth in a Developing Nation”. Among other matters essential to a 
workable training program, he concludes, are the requirements for a suitable admin- 
istrative organization and the fact that the people involved must understand the 
training plan proposed and be ready to participate in it. He also discusses the 
criteria for determining the trades in which training should be offered, the problem 
of physical facilities, and the preparation of the necessary teaching staff. 

Dr. Lawrence refers to the ethnic, social and cultural barriers to economic 
progress that exist in certain developing countries. In his opinion, as expressed in 
Some Aspects of Management and Skilled Supervision,” the system of “Training 
within Industry is a most suitable instrument for overcoming these barriers, par- 
ticularly since it improves the supply of supervisory employees. 

In the field of industrial hygiene Dr. Landry and Mr. Ochoa cover their 
experience in setting up an organization for training personnel to evaluate and 
control occupational hazards in agriculture, industry, and mining. Their paper, 
“Development of Latin American Specialists in the Chemistry of Occupational 
Health,” presents suggestions for training specialists and for applying advances in 
science and technology to the elimination of industrial diseases in the developing areas 

The contribution that women can make to economic development is discussed by 
Assistant Secretary Esther Peterson’s paper, “Women in the Labor Force.” In de- 
scribing the part played by women in the American economy, she notes that they 
constitute a third of the United States Labor Force and are important in almost 
every occupational classification. She recommends the enactment of legislative 
standards for the protection of women workers by the developing countries if they 
wish to use their resources of female labor most productively. She particularly 

emphasizes the growing importance of education in providing the skills required 
for newly developing jobs. ^ 
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Virtually every discussion of human resources as related to economic development 
makes much of the basic importance of health and nutrition as an ingredient in the 
efficiency of the labor supply. In the category of health preservation is industrial 
hygiene and industrial safety. 

Commissioner Clague, in dealing with “Occupational Safety in a Newly Develop- 
ing Industrial Area,” points out that occupational safety is in fact a way of life in 
which workers, management and Government must all participate. He stresses the 
fact that it must be rooted in a sincere respect for “the dignity, physical well-being 
and economic welfare of the individual”. He goes on to say that if an accident pre- 
vention program is to be successful, it must be established by law and enforced 
against reluctant employers. He makes it clear, however, that Government action 
alone is not sufficient to achieve a satisfactory standard, and that if progress is to be 
made, there must be vigorous support for any accident prevention program by the 
voluntary action of both employers and employees. 

Together, these papers seek to present a wide array of problems that must be re- 
solved if economic development is to proceed at an accelerated and orderly paoe. 
All are concerned with bringing the indigenous populations of the developing 
countries up to the point where they can make their maximum contribution through 
the use of science and technology to improving human welfare. They stress the 
importance of management and leadership not only in Government but also in 
private enterprise. They outline methods for imparting the skills that ate essential 
to the operation of modern industry, commerce, agriculture, and mining. They 
make it evident that any advance in economic efficiency, whether it be upon the 
land or in the factory, must be based on the recognition of individual dignity and 
individual welfare. 

The authors of the various papers agree unanimously that if economic develop- 
ment is to yield a better life the primary investment required for the developing 
countries is in human beings — that is, the education and training of the population— 
so that the countless activities involved in the utilization of modem science and 
modern technology may be directed and carried out efficiently. 

Isadoi Lubin, 

The Twentieth Century Fund. 
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High-Level Manpower Development and 
Economic Growth* 

Frederick H. Harbison 

Professor of Economics and Director of Industrial Relations Section, 
Princeton University, N.J. 



Human Resources and the Wealth 
of Nations 

1. The wealth of a nation depends ulti- 
mately upon the productive skills and 
the levels of education of its people. And 
its rate of social and economic growth 
will be dependent in significant degree 
upon its rate of human capital forma- 
tion. Thus, investment in the develop- 
ment of man should be a primary con- 
cern of every nation which hopes to make 
forward progress in the modern world. 
Progress, of course, is related to the gen- 
eral levels of education and skills of a 
country’s entire population, but it is even 
more intimately connected with the de- 
velopment of its strategic or high-level 
manpower. This paper is concerned with 
the logic of high-level manpower devel- 
opment in relation to general social and 
economic growth. 

2. Any definition of strategic or high- 
level manpower must be somewhat ar- 
bitrary. For the purposes of this paper, 
we shall assume that it includes all per- 
sons who have twelve or more years 
of formal education or its equivalent in 
skill and experience. Accordingly, in 
most countries this definition will encom- 

*UN conference paper. 



pass all professional personnel including 
scientists, doctors, engineers, architects, 
agricultural officers, veterinarians, law- 
yers, university professors, etc. It includes 
all senior administrators, executives, 
managers and principals of sizable estab- 
lishments in government, industry, com- 
merce, transportation, etc., as well as 
political leaders, officers of police and 
armed forces, judges, and senior un- 
ion officials. One definition also includes 
all subprofessional personnel in agricul- 
ture, industry, commerce and the public 
services, such as nurses, higher supervi- 
sory personnel, chief clerks, and techni- 
cians of all kinds. Highly skilled artisans 
and craftsmen are also included. Final- 
ly, we include teachers in secondary 
schools, technical institutes, teacher-train- 
ing institutions, and vocational schools. 
In the more advanced countries, primary 
school teachers would also be classified 
as high-level manpower, but in most of 
the less developed countries their educa- 
tional and skill level would generally 
be beneath the high-level manpower 
category. 

3. Our arbitrary definition thus covers 
all of the leadership groups and their 
technical associates. It includes, as well, 
the upper echelons of teachers. It en- 
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compasses a country’s ruling elite, but 
includes in addition many others. In 
short, it takes in all those persons possess* 
ing knowledge and skills which are criti- 
cal for a country’s development 



Strategic Human Capital as a 
Measure of Economic 
Advancement 



4* The stock of high-level manpower 
possessed by a country is perhaps one of 
the best indicators of its stage of economic 
and social advancement In the most 
advanced countries, for example, the 
number of persons with 12 years’ educa- 
tion or its equivalent probably exceeds 
100 per 1,000 population. In such coun- 
tries, primary education for 6 years is 
both universal and compulsory. Well 
over 50 percent of the 14-17 year age 
cohort is in secondary schools, and over 
10 percent of the 18-20 cohort is enrolled 
in some form of higher education. In tb** 
more primitive underdeveloped coun- 



tries, on the other hand, only one person 
per 1,000 population may have 12 or 
more years of education. In these coun- 
tries, less than a third of the 7—13 year age 
cohort is in primary school; less than one 
percent of the 14-17 group is in second- 
ary school; and only a handful of indi- 
viduals are enrolled in higher education 
either at home or abroad. Between the 
primitive countries and the very ad- 
vanced countries lie most of the less-ad- 
vanced and the more-advanced under- 
developed countries of the world. 

5* general, the stage of a country’s 
development as measured by these hu- 
man resource indicators shows a positive 
correlation with its stage of development 
as measured by estimates of national in- 
come per capita. 1 However, the relative 
differences between some advanced and 
less developed countries may be greater 
in terms of high-level manpower than 
in terms of per capita national income. 
The following table, which is presented 
purely for illustrative purposes, shows 
this quite clearly: 



Country 


Number of persons 
per 1000 popula- 
tion with at least 
12 years education 


National income 
per capita (in 
U.S. dollars} 


Nigeria 


O 


64 


Egypt 


• 8 
1A m 




10.7 

41 A 


110 


U.S.S.R 


31.4 


594 


United States 


112.6 
*)QQ A 


721 




288. U 


2300 



6 . Italy, for example, has 39 times more 
persons per 1,000 population with 12 
years or more education than Nigeria, but 
its national income per capita is only 
about nine times that of Nigeria. Simi- 
larly, the U.S.S.R. has a per capita stock 



of high-level manpower 11 times greater 
than Egypt, but its national income per 
capita is only seven times greater. On 
the other hand, relative differences in 
stock of high-level manpower and na- 
tional income in the United States as com- 
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pared with Egypt are about the same, 
while the comparison between the United 
States and the U.S.S.R. shows a greater 
relative difference in national income per 
capita than in stock of high-level man- 
power. 

7. Because of the obvious technical dif- 
ficulties in constructing accurate measures 
of the stock of high-level manpower and 
national income (which lie beyond the 
scope of this paper), one should be most 
cautious in relying too heavily on statistics 
such as those presented above. Neverthe- 
less, they do give some indication of 
possible relationships between the devel- 
opment of high-level manpower and gen- 
eral economic development. And by 
using more refined qualitative and quan- 
titative human resource development in- 
dicators, it is possible to make more pre- 
cise and sophisticated distinctions 
between countries at various stages of 
progress. 2 The only point being stressed 
here, however, is simply the importance 
of using some measure or measures of 
human resource development when 
analyzing the problems and prospects of 
economic and social growth in newly 
developing countries. 

High-Level Manpower 
Requirements and Economic 
Growth 

8. On the basis of preliminary studies 
in 30 countries at various stages of de- 
velopment, it is possible to make some 
tentative generalizations regarding the 
relationship between high-level man- 
power and general economic develop- 
ment. Although these generalizations 
need to be refined, qualified, and used 
with caution, they may serve as rough 
guide lines for policy planners. In brief 
they are as follows: 



(a) In all developing economies the 
rate of accumulation of high-level man- 
power exceeds the rate of increase of 
the total labor force. In the United 
States, for example, the increase in 
high-level manpower during the past 
50 years is certainly more than twice 
as great as ihe increase in the nation’s 
labor force. This has been true also 
of the Soviet Union. And it is prob- 
able that most newly developing coun- 
tries in their early stages of growth 
may have to increase high-level man- 
power at least three times as rapidly as 
the increase in their labor forces, if 
they are to achieve a rise in per capita 
income of 2 percent or more a year. 
Within the high-level manpower cate- 
gory, of course, certain critical occupa- 
tional groups, such as engineers, tech- 
nicians, agricultural experts, and 
secondary school teachers may need to 
increase at a much more rapid rate, 
whereas lawyers and arts graduates 
should probably increase at a more 
moderate pace. 

(b) In most countries, the rate of in- 
crease of high-level manpower (or the 
rate of strategic human capital forma- 
tion) also will exceed the rate of eco- 
nomic growth. In newly developing 
countries which already have critical 
shortages of highly skilled persons, the 
ratio of the annual increase in high- 
level manpower to the annual increase 
in national income may need to be as 
high as 3 to 1, or even higher in those 
cases where expatriates are to be re- 
placed by the citizens of the devolping 
country. In more advanced societies, 
which already have a sizeable stock of 
high-level manpower, this ratio may be 
considerably lower. Here again the 
ratios of increases of particular occupa- 
tional groups within the high-level 



manpower category are even more sig- 
nificant than the ratio for the high-level 
manpower group in the aggregate.* 

(c) Equally important as the rate of 
high-level manpower accumulation is 
the efficiency with which it is employed. 
In the newly developing countries in 
particular, high-level manpower may 
be poorly utilized because of a poor 
balance of skills in relation to needs. 
There may be too many lawyers, and 
too few engineers and technical fore- 
men. Doctors may not be utilized 
effectively because of a shortage of 
nurses or medical technicians. In 
many countries fewer highly trained 
engineers would be needed if there was 
a more adequate supply of engineering 
technicians. In nearly all newly de- 
veloping countries, highly trained 
people may be employed on jobs be- 
neath then skill merely because there is 
a more critical shortage of persons with 
lesser intermediate skills. Thus, as in 
the case of capital funds, the proper 
utilization or “investment” of high- 
level manpower may be as important 
as its rate of accumulation. Here the 
patterns of incentives which education 
generates, the types of persons pro- 
duced, and the manner in which they 
become allocated to strategic activities 
are of supreme importance. 

(d) The required rate of accumula- 
tion of high-level manpower in a de- 
veloping society is related to change 
and innovation in economic, social, and 
political life. A static society usually 
requires very few persons in the high- 
level manpower category. But as a 
static society begins to modernize, it 
must accumulate high-level manpower 
of all kinds to staff a new and expand- 
ing government service, to introduce 
new systems of land use and new 



methods in agriculture, to develop new 
means of communication, to carry for- 
ward industrialization, and to build a 
system of education. Changes in all 
these fields require large inputs of per- 
sons with professional and technical 
skills and organizing ability. The more 
rapid the changes, the more intensive 
will be the use of high-level manpower. 

The Accumulation of High-Level 
Manpower 

9. Granted the strategic importance of 
high-level manpower for a country's eco- 
nomic advancement, how can it be ac- 
cumulated? Or, to use the terms of the 
economist, what are the major processes 
of human capital formation in newly de- 
veloping societies? 

10. Obviously, high-level manpower 
may be developed through investment in 
formal education — i.e., in schools, tech- 
nical training centers, colleges, universi- 
ties and other institutions of higher edu- 
cation. But this kind of development 
takes a long time. For example, it takes 
8 to 10 years to make a qualified engineer 
out of an 8 year primary school leaver. 
It takes longer to train a good scientist 
or a competent doctor. Even nurses, sec- 
ondary school teachers, and engineering 
or agricultural technicians require 4-6 
years of training beyond the eighth grade 
before they can be considered qualified. 
Indeed, in planning ahead a country must 
assume that its potential new additions 
to high-level manpower stock from do- 
mestic sources for at least 15 years in the 
future, are presently in school. Thus, no 
broadening of the base of primary educa- 
tion will have much effect upon the de- 
velopment of high-level manpower with- 
in that time-span. The rate of 
accumulation of high-level manpower 
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within the 15 year period can be increased 
only through investment in education at 
higher levels of those who are already 
in school. 

ix. Fortunately, however, there are 
other ways of accumulating high-level 
manpower and accelerating the rate of its 
development High-level manpower may 
be imported from abroad through a vari- 
ety of means such as technical assistance, 
expatriate enterprises, hiring of consul- 
tants, or encouragement of immigration. 
It may be developed in employment 
through on-the-job training, in-service 
programs of education, management de- 
velopment seminars, part-time adult ed- 
ucation classes, and many other means. 
High-level manpower may also be de- 
veloped in employment through better 
organization of work, the creation of pro- 
ductive attitudes and incentives, and bet- 
ter management of people. And, of 
course, the development of people is as- 
sisted at all levels by improvements in 
public health and by better nutrition. 

12. The task of the newly developing 
country, therefore, is to devise a logical 
strategy of high-level manpower develop- 
ment, and to relate this strategy to its 
broader objectives of economic growth. 
We shall conclude this paper with a brief 
listing of the elements of such a strategy 
and the measures which may be employed 
to implement it. 

A Strategy of High-Level 
Manpower Development 

13. A strategy of high-level manpower 
development has these essential compo- 
nents: the rational development of formal 
education; the promotion of effective 
training of employed manpower; the 
building of incentives which are appro- 
priate for a productive society; and the 

M7858 — 03 2 



temporary use of foreign personnel to fill 
positions requiring skills which are un- 
available within the country. These four 
elements are interdependent Progress 
in any one area is usually dependent upon 
coordinated progress in the other three as 
well. 4 

14. It is obvious that a strategy of high- 
level manpower development involves 
much more than a program for develop- 
ment of formal education. Indeed, in- 
vestments in formal education are likely 
to contribute effectively to rapid growth 
only (a) if there are adequate incentives 
to encourage men and women to engage 
in the kinds of productive activities which 
are needed to accelerate the moderniza- 
tion process and (b) if appropriate meas- 
ures are taken to shift a large part of the 
responsibility for training to the principal 
employing institutions whether they be 
public or private. A well-defined strategy 
of high-level manpower development 
therefore requires a sound program of 
wage and salary administration, a pro- 
gram for training-on-the-job, a program 
for the importation of critical skills, as 
well as a program for investment in 
formal education. 

15. The program for developing formal 
education, however, is perhaps the most 
difficult and certainly the most cosdy ele- 
ment in the strategy. And, here coun- 
tries with limited resources have some 
hard choices to make. In most of the 
newly developing countries, priority must 
be given to investment in and the devel- 
opment of broad secondary education, 
and in poor countries, this may require 
the temporary postponement of achieve- 
ment of universal primary education. 
And, with regard to higher education, 
most of the newly developing countries 
may need to give priority to the building 
of intermediate level training institutions 
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and to the expansion of the scientific and 
engineering faculties of universities. A 
country committed to rapid economic 
progress needs to make careful assess- 
ments of the future demand for various 
categories of high-level manpower, and 
to some extent it will have to shape its 
program of investment in education to 
meet this demand. For this reason, ed- 
ucation policy should not be left exclu- 
sively in the hands of educators or educa- 
tion ministries. It must be influenced at 
strategic points by those who are con- 
cerned with the general problems of eco- 
nomic growth. 

16. The analysis set forth suggests that 
most newly developing countries might 
be well-advised to establish some kind 
of human resource strategy board to plan 
and coordinate the various : programs 



which are necessary for the rapid accumu- 
lation of high-level manpower. Such a 
board should have broader responsibili- 
ties than a statistical agency, a study 
commission, or a long-range pla nnin g 
organization. Although primarily con- 
cerned with policy formulation, the hu- 
man resource strategy board should be 
involved in day-to-day coordination of ac- 
tivities of various ministries and employ- 
ing institutions. It thus would have both 
advisory and executive responsibilities. 
Its top staff, therefore, should be neither 
statisticians, professional educators, or 
economists as such. Rather its key per- 
sonnel should be strategists — persons who 
combine political insight with a rational 
understanding of the processes of eco- 
nomic and social growth in this Century 
of Science. 



FOOTNOTES 

The data presented here regarding the relationship between human resource 
development and general economic growth are taken from a study in progress by 
the author and his associates at Princeton University. This study is entitled “Models 
of Human Resource Development in Modernizing Societies 
2 Some of the indicators are as follows: enrollment in educative institutions of 
different levels and types; numbers of professional personnel (doctors, engineers, 
scientists, etc.) per i,oco population; university graduates per i,ooo population; 
dependence on non-native high-level manpower in senior positions in major public 
and private institutions; rates of population increase; and percentage distribution 
of the labor force in primary, secondary and tertiary industries. 

* This hypothesis suggests that, on the basis of comparative research in a n um ber 
of countries at different stages of growth and with different patterns of develop- 
ment, it might be possible to devise "multipliers” to estimate future requirements 
of strategic occupational groups in relation to projected growth patterns and growth 
rates for an economy. Such “multipliers,” of course, would be particularly useful in 
planning investments in various kinds of education'. In this way, the programming 
of investments in human resource development could be integrated effectively 
with planning for general economic growth. Admittedly, much empirical evidence 
would need to be accumulated to build reliable “multipliers” of this kind. And, 
if such multipliers” are to be useful for policy planners, one would need to construct 
them for various categories of critical occupations. From a theoretical standpoint, 
however, the concept of “high-level manpower to growth ratios” is a useful tool 
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of analysis, parallel in many respects to the marginal capital to output ratio in economic 
analysis. 

4 For a fuller description, Frederick Harbison, Human Resources Development 
Planning in Modernizing Economies, International Labour Review, 85, No. 5, (May 
1962). 



7 





















Population and Labor Force Resources As 
Factors in Economic Development* 



Philip M. Hauser 
University of Chicago 
Chicago, Illinois 



i. Economic development has as its 
objective the raising of the level of living 
of a people. The population of a nation, 
however, not only reaps the gains of eco- 
nomic development through increased per 
capita income but, as the human resource, 
also plays a vital role in its achievement. 
In the contemporary situation, four 
aspects of population in the less developed 
areas are operating to retard economic 
development. These are the relatively 
high rate of population growth, unfav- 
orable age structure, unbalanced popula- 
tion distribution, and inadequately edu- 
cated and trained manpower. All of these 
obstructions to economic development are 
amenable to control. But they cannot be 
controlled unless the ways in which they 
hamper efforts to raise levels of living are 
fully understood, relevant policies are 
formulated, and necessary progr ams put 
into operation. The relation between 
each of these population factors and eco- 
nomic development is briefly discussed in 
the materials which follow. 



more rapidly than total population. This 
relationship is shown in the following 
over-simplified equation: L= O » where 

p\ 



High Rates of Population Growth 

2 . The standard of living cannot be 
raised unless aggregate output incre ase? 



•UN conference paper. 



"L” equals levels of living, “O” equals 
aggregate output and “P” equals popula- 
tion. 1 It is clear from this equation 
that an increase in aggregate output does 
not result in any increase in level of living 
if, simultaneously, there is a correspond- 
ing increase in total population. The 
greater the rate of population increase, 
then, the higher must be the rate of eco- 
nomic growth to effect any increase in 
per capita income. 

3 * The implications of this equation 
may be readily seen in examining the pop- 
ulation and income data for the world, as 
a whole, and for its continental regions. 
During the second half of this century, 
according to the United Nations “me- 
dium” population projections, world pop- 
ulation will increase about 2% -fold to 
reach a total of 6.3 billion by the year 
2000 (table 1). Drawing also on the 
United Nations data for aggregate income 
for the world and its regions (table 2) 
the interrelationships between population 



increase and income increase may be ob- 
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Table i. Estimated population and population increases, by continent, igoo to 2000 



Area 




Population (million) 


Av. annual increase (%)* 


1900 


1925 


1950 


1975 


2000 


1900- 

1925 


1925- 

1950 


1950- 

1975 


1975- 

2000 


World 

Africa 

Northern America 

Latin America 

Asia 

Europe (including U.S.S.R.) 

Oceania 


1550 

120 

81 

63 

857 

423 

6 


1907 

147 

126 

99 

1020 

505 

10 


2497 

199 

168 

163 

1380 

574 

13 


3828 

303 

240 

303 

2210 

751 

21 


6267 

517 

312 

592 

3870 

947 

29 


0.9 

0.9 

2.2 

2.3 

0.8 

0.8 

2.3 


1.2 

1.4 

1.3 
2.6 

1.4 
0.6 
1.4 


2.1 

2.1 

1.7 

3.4 

2.4 
1.2 
2.4 


2.6 

2.8 

1.2 

3.8 

3.0 

1.0 
1.6 



•Arithmetic mc.a of percentage of increase for 25-year period*. 

Source: Tbt Futurt Grtwth of World Population, United Nation*. New York (1958). 



Table 2. Population and income, by continent, about 1950 



Total population 


Aggregate income 


Per 

capita 

income 

($) 


No. 

(thousands) 


(%) 


Dollars* 

(millions) 


(%) 


2497 


100.0 


556 


100.0 


223 


199 


8.0 


15 


2.7 


75 


219 


8.8 


241 


43.3 


1100 


112 


4.5 


19 


3.4 


170 


1380 


55.3 


69 


12.4 


50 


393 


15.7 


149 


26.8 


380 


181 


7.2 


56 


10.1 


310 


13 


0.5 


7 


1.3 


560 



Area 



World 

Africa 

North America 

South America 

Asia 

Europe (exclusive of U.S.S.R.) 

U.S.S.R 

Oceania 



«*““« ivauoni per capita income figure* for each continent 

applied to revised United Nation* estimates of 1950 population of continents to obtain revised ag- 
gregate income by continent and for the world. A new world per capita figure of $223 was obtained 
a$ compared with the published figure of $230. * 

Source: National and Ptr Capita lntmt of 70 Countrut in 1949, U.N. Statist. Papers. Ser. E No 1 
United Nations, New York (1950). * ' * 



served. For example, considering the 
world as a whole, aggregate income be- 
tween 1950 and 2000, must be increased 
4-fold to match the 1950 per capita in- 
come of Europe, and by 12-fold to ma tc h 
the 1950 per capita income of North 



America. A decrease in world popula- 
tion growth to 0.5 percent per year, the 
rate actually experienced between 1800 
and 1850, would diminish the task of 
raising the aggregate product of goods 
and services by some 75 to 80 percent. 
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4* A similar analysis is possible* by 
regions. Latin America, whose popula- 
tion is projected by the UN to increase 
more than 3 x /i -fold during the second 
half of the century, would have to in- 
crease her aggregate product 8-fold to 
match the 1950 European level of living 
by the year 2000, and 23-fold to match the 
1950 North American level of living. 
Africa, which may increase her popula- 
tion some 2/4 -fold during the second half 
of this century, would require a 13-fold 
increase in continental income to match 
the 1950 European level of living by the 
end of the century, and something like 
a 38-fold to match the North American 
level of living. Finally, Asia, which ac- 
cording to the United Nations projections 
may experience a population increase dur- 
ing the second half of this century as 
great as the population of the entire world 
in 1950, an increase of some 2.5 billion, 
would have to increase her aggregate 
income by a factor of 21 to match the 
1950 European level of living by the 
year 2000, and by a factor of 62 to match 
the 1950 North American level of living 
by the same date. 2 Calculations of 
this type, over-simplified as they may be, 
nevertheless demonstrate that contem- 
porary and projected rates of population 
increase in the economically less devel- 
oped areas impose stupendous burdens 
upon them in their efforts to raise their 
living levels. Yet, ironically enough, 
there is an inverse relationship between 
the level of living of a region and its cur- 
rent and projected rate of population 
increase to the end of the century. (Com- 
pare tables 1 and 2.) 

5. Rapid population growth also ad- 
versely affects investment to achieve eco- 
nomic growth. To effect an increase in 
output, investment increments must be 
great enough to produce income incre- 



ments adequate to raise per capita income. 
Capital-income ratios indicate that to 
achieve an increment of one unit of in- 
come approximately three units of capital 
are required. 9 Populations increasing 
at a rate of 3 percent per year, already 
approximated by Latin America and 
other parts of the world and in prospect 
for most of the less developed areas in 
this century, must therefore achieve a 
savings of approximately 9 percent per 
annum, merely to maintain their pres- 
ent low levels of per capita income. Yet 
many of the economically less developed 
societies find it difficult to achieve a sav- 
ings rate of more than 4 to 5 percent. It 
is doubtful that India, even with her pro- 
digious efforts towards economic develop- 
ment, has as yet achieved a savings rate 
in excess of 10 percent. Thus, even with 
outside capital, she has been barely able 
to keep ahead of her 2 percent per annum 
increase in population. 4 This is why 
India has so much increased her effort 
to control population growth as an im- 
portant factor in planning economic 
development. 

6. Rapid population increase, however, 
is not necessarily a barrier to economic 
development. There can be little doubt 
that in the history of the present eco- 
nomically advanced nations rapid popula- 
tion growth may actually have contrib- 
uted to increased product per head and 
to higher levels of living. But the man- 
resources ratio in the present economically 
advanced nations was, on the whole, 
much more favorable at their initial 
stages of economic growth than is true 
of the less developed areas today. In 
North America during the 19th century, 
for example, a resource-rich unexploited 
continent, rapid population increase un- 
doubtedly contributed to increased levels 
of living. For with its low man-resources 
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ratio, rapid population growth contrib- 
utcd to economies of scale. In the less 
developed areas today where there is al- 
ready a high man-resources ratio rapid 
population growth contributes not to 
economies of scale but to diminishing 
returns.® 

7. Finally, it may be observed that rapid 
population increase serves as a barrier to 
economic development not only in the 
manner indicated above but, also, in the 
way it may contribute to an unfavorable 
age structure, to excessive urbanization, 
and to retardation of effective investment 
in human resources. 



Unfavorable Age Structure 

8. High fertility areas have larger 
proportions of young persons than do 
low fertility areas, (table 3) In Asia, 
Latin America and Africa in 1950, 40 
percent or more of the total population 
was under 15 years of age. In contrast, 
in Europe and in North America, 26 and 



27 percent of the total population, respec- 
tively, were under 15 years of age. By 
1975, according to the United Nations 
“medium” projections, the age structures 
of the economically less developed, as 
compared with the economically advanced 
areas of the world, will not have ap- 
preciably changed. Because of their an- 
ticipated higher fertility rates diey will 
still have larger proportions of their total 
population under 15 years of age. 

9. The relatively large proportions of 
persons under 15 years of age in the high 
fertility, less developed regions of the 
world, may be interpreted as “unfavor- 
able” to economic development for at 
least two reasons. First, the relatively 
high proportion of young persons below 
working age tends to reduce labor input 
per capita and, all other things being 
equal, tends therefore to reduce income 
per capita. Second, the larger proportion 
of young persons in the population re- 
quires that a greater part of limited re- 
sources be allocated to “social” investment 



Table 3. Estimated age composition of the population of the world and continents, 

1950 and 7975 



Continent 


Percent distribution 


1950 


1975 


Under 15 


15-59 


60 & Over 


Under 15 


15-59 


60 & Over 


World 


37 


56 


7 


38 


34 


ft 


Africa 


42 


54 


4 


41 


34 


Q 

C 


Northern America 


27 


61 


12 


28 


56 


J 

16 


Latin America 


40 


54 


6 


42 


52 


6 


Asia 


40 


55 


5 


41 


54 


V 

* 


Europe 


26 


62 


12 


24 


59 


j 

17 


Oceania 


30 


59 


11 


31 


55 


1/ 

14 


U.S.S.R 


33 


59 


8 


30 


59 


11 



(1958). 
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rather than to "economic” investment. 
That is, the more youthful the population 
the greater is the proportion of total sav- 
ings that must be devoted to the rearing 
of the young, and the smaller is the pro- 
portion of total savings that is available 
for investment in agricultural or indus- 
trial projects designed to increase per 
capita production. 

. io. The adverse effects on economic de- 
velopment of the age structure of a high 
fertility society may be readily document- 
ed. Changes in age structure are the re- 
sult of changes in fertility and mortality. 
Reductions in the death rate occur first 
of all and disproportionately among 
infants and youth. In consequence, re- 



duced mortality tends to increase great- 
ly the proportions of young persons in a 
population. On the contrary, reductions 
in the birth rate tend to decrease the pro- 
portion of young persons in a population. 
Over time, a population ages more rapid- 
ly by reason of a reduced birth rate than 
as the result of a decreased death rate. 6 
The effect of reductions in fertility and 
mortality on the proportion of workers 
in a population and on "needs” per work- 
er resulting from changes in age struc- 
ture are presented in table 4. 

11. It may be observed that as mortal- 
ity decreases, while fertility remains con- 
stant, there is a decrease in the propor- 
tion of “active” males, that is workers, 



Table 4. Estimated active males per 1000 population and estimated needs per 
1000 active males at different levels of expectation of life at birth and of gross 
reproduction rate 

Activity rates in less developed countries* 



Grow reproduction rate 



4.0 

3.0 

2.0 

1.0 



Expectation of life at birth 



30 years 



30 years 



70 years 



Active males per 1000 population 



4.0 

3.0 

2.0 

1.0 



255 


240 


226 


286 


271 


257 


328 


315 


301 


392 


382 


369 


Needs** per 1000 active males 


3,323 


3,489 


3,672 


3,016 


3,146 


3,288 


2,699 


2,766 


2,870 


2,283 


2,309 


2,373 



*For effects assuming developed countries activity fates, see source. 

••Needs of one adult *= 1.0. 

Source: U.N. Population Studies, No. 26, Tin Aging of Populations and Its Economic and Social 
Implications, United Nations, New York, p. 62 (1956). 
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in a population. For example, if the 
gross reproduction rate remains at a level 
of 3.0, the number of active males per 
1000 population decreases from 286 when 
expectation of life at birth is 30 years, 
to 257 when expectation of life reaches 
70 years, a decrease of 10 percent in the 
proportion of workers in a population. 
In contrast, as the birth rate declines 
while the death rate remains constant, an 
increase in the proportion of workers 
takes place. Thus, when expectation of 
life at birth is 30 years, a decline in re- 
production rate from a level of 4.0 to 2.0 
results in an increase in active males per 
1000 population from 255 to 328, an in- 
crease of almost 30 percent. The joint 
effect of decreasing mortality and decreas- 
ing fertility may also be measured. A 
death rate that has decreased to achieve 
an expectation of life of 50 years from a 
level of 30 years while the gross repro- 
duction rate declines from 4.0 to 2.0, 
effects an increase in active males per 
1000 population from 255 to 315, an in- 
crease of almost 25 percent 

12. Since many of the less developed 
areas of the world are in the process of 
achieving an increase in expectation of 
life at birth from approximately 30 years 
to 50 years, the entries under these two 
levels of expectation of life in table 4 
point to what may be the actual experi- 
ence of such areas if reductions in fertility 
are effected. 

13. The “needs” of a population are to 
some extent a function of its age struc- 
ture; that is, consumption varies with 
age, for both children and elderly people 
have different needs from those of adults 
of intermediate age. The United Na- 
tions has estimated the changes in the 
needs of a population with cha nging age 
structure, expressing the needs of an adult 
as unity, 1.0, and the needs of a child or an 



aged person by 0.7 of a unit. The chang- 
ing needs per 1000 active males in the 
population under the impact of changing 
fertility and mortality are shown in the 
lower panel of table 4. 

14. It is readily seen that as the death 
rate declines and expectation of life at 
birth increases, needs per 1000 active 
males increase. Thus, with a gross re- 
production rate of 4.0, needs per 1000 
active males would rise from 3,323 units 
to 3,672 units as expectation of life in- 
creases from 30 years to 70 years, an in- 
crease of over 10 percent Contrariwise, 
a decrease in the birth rate while mortal- 
ity remains constant has the effect of de- 
creasing needs per 1000 active males. 
Thus, if expectation of life remains fixed 
at 30 years a decline in the gross repro- 
duction rate from 4.0 to 2.0 would reduce 
needs per 1000 active males from 3,323 
units to 2,699 units, or by almost a fifth. 
The joint effect of decreasing fertility 
and mortality may also be traced. Thus, 
if a gross reproduction rate declines from 
4.0 to 2.0 while expectation of life in- 
creases from 30 years to 50 years, needs 
per 1000 active males decline from 3,323 
units to 2,766 units, a decrease of about 
17 percent A decrease in the birth rate 
brings about a decrease in the needs of a 
population per 1000 workers as the net 
effect of an increase in the proportion of 
workers and of a decrease in young per- 
sons below working age. 

J 5* The decline in the proportion of 
young persons contributes to economic 
development in still another significant 
way. For the smaller the proportion 
of persons below working age, the smaller 
is the proportion of total savings that 
must be allocated to the rearing of the 
young, and the greater is the proportion 
of total savings that may be allocated to 
productive investment Hence, a decrease 
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in the proportion of persons below work- 
ing age simultaneously decreases the de- 
pendency burdens of workers and in- 
creases the proportion of total savings 
which may be placed in productive 
channels. 

16. High fertility, then, under condi- 
tions of declining mortality, has the effect 
of retarding economic development not 
only in being responsible for high rates of 
total population growth but, also, in pro- 
ducing an age structure which adversely 
affects economic growth. 

Imbalance in Population 
Distribution 

17. High urbanization generally is 
identified with economically advanced 
areas and the advent of industrialization. 
Yet despite their relatively low rate of 
industrialization, the less advanced areas 
in Asia, Latin America and Africa, be- 
cause they have such a vast total popula- 
tion, have more people living in cities of 
20,000 or more, or cities of 100,000 or 
more, than do the economically advanced 



nations of Europe and North America 
combined. In 1950, Asia, Latin America 
and Africa, contained over 45 percent of 
the world’s residents of cities of 20,000 or 
more; whereas, Europe (excluding the 
USSR) and North America contained 
but 41 percent of the world population 
living in cities of this size. 7 (See 
table 5) Moreover, during the 20th cen- 
tury the rate of urbanization of Asia, 
Latin America and Africa has exceeded 
that of Europe and North America. 

18. The degree of urbanization has 
quite different implications for economic 
development in the advanced than in the 
less developed areas. In the economically 
advanced nations, urbanization is both an 
antecedent and a consequent of high 
levels of livings It makes possible and 
advances the division of labor and spe- 
cialization, the application of non-human 
energy to production, improved technol- 
ogy, economies of scale, external econo- 
mies, minimization of the frictions of 
space and communication, and, in gen- 
eral, higher per capita income. In the 
economically less developed areas, how- 



Table 5 * Distribution of urban population of the world , by continents , 1950 



Continent 


Total 

population % 


Population 
living in cities 
of 20,000 and 
more % 


Population 
living in cities 
of 100,000 and 
more % 


World 


100 


100 


100 


Asia 


53.2 


33.8 


33.7 


Europe 


16.4 


27.5 


26.5 


North America 


6.8 


13.9 


15.2 


U.S.S.R 


8.1 


12.0 


11.2 


South America 


-4.6 


5.8 


6.5 


Africa 


> 8-2 


3.7 


3.2 


Central America 


2.1 


2.1 


2.0 


Oceania 


0.5 


1.2 


1.6 



(1957). 
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ever, urbanization tends to be the product 
of quite different factors and is not ac- 
companied by corresponding increases in 
productivity and levels of living. In the 
less developed areas of the world today, 
urbanization is less the result of indige- 
nous economic development and more 
the product of economic development of 
an historical imperial system focused 
largely on a “mother” country. Urban 
agglomerations in the less developed 
areas are more the product of the push 
of population from over-populated rural 
areas than the pull of population to ur- 
ban centers by reason of greater economic 
opportunity. Furthermore, the recent ac- 
celeration in the rate of urbanization in 
many of the less developed areas reflects 
the disruption and disorganization pro- 
duced by the war and post-war political 
instability creating a troubled country- 
side and large refugee populations. By 
reason of the above considerations, the 
less developed areas of the world may be 
said to be “over-urbanized” in the sense 
that larger proportions of their population 
live in urban places than is justified by 
their degree of economic development 
More specifically, compared with the eco- 
nomically advanced nations at comparable 
levels of urbanization, a much smaller 
proportion of the labor force in the less 
developed areas is engaged in nonagri- 
cultural and especially mechanized in- 
dustrial occupations. 

19. In consequence, the relatively large 
urban populations in the less developed 
areas serve as a barrier rather than as an 
accelerant to economic development To 
state that a less developed area is over- 
urbanized is to pose its major economic 
problem because what is meant is that it 
does not have an adequate economic base 
to support its urban population by the 
standards of the economically advanced 



nations. Such areas are faced with the 
problem of achieving higher levels of 
economic devolpment to support their 
present, let alone their prospective urban 
populations. The accelerating rates of 
urbanization which confront the less de- 
veloped areas are likely to worsen rather 
than to ameliorate their poverty and dis- 
tress. Asia, for example, is faced with 
the prospect of tripling her urban popu- 
lation in the quarter of a century between 
1950 and 1975, assuming the population 
increase that is projected by the United 
Nations and the continuation of her 20th 
century rate of urbanization; 8 and the 
prospects for Latin America and Africa 
are approximately the same. The funda- 
mental economic problem of the less de- 
veloped areas is that of achieving in- 
creased productivity. The many diffi- 
culties which obstruct the attainment of 
this objective are likely to be exacerbated 
rather than ameliorated by the present 
and prospective rates or urbanization. 

20. Given the present levels of produc- 
tivity and limited savings in the less de- 
veloped areas, a major common problem 
relates to the allocation of resources for 
the improvement of agriculture, on the 
one hand, and the development of indus- 
trial sectors of the economy, on the other. 
In many nations improvement in the pro- 
ductivity of the agricultural sector of the 
economy may contribute more to rising 
levels of living than efforts to induce in- 
dustrialization. The claims of large and 
growing urban populations and their 
growing political importance may require 
disproportionate allocations of limited re- 
sources to the development of the urban, 
rather than the agricultural, sectors of the 
economy, at the expense of a net increase 
in product per head. 

21. The achievement „of adequate bal- 
ance between agricultural and urban in- 
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d us trial development is complicated by 
difficult problems of dividing limi ted 
savings between “social” and “produc- 
tive” investment This problem, al- 
though it is manifest both in the urban 
and in the rural sectors, finds its most 
acute form in the city. Urban areas in 
the less developed nations are character- 
ized by inadequate infra-structure de- 
velopment which precludes the usual 
amenities of urban existence found in ad- 
vanced nations. There is a great need 
and much temptation to allocate resources 
to social purposes such as the elimination 
of shanty towns, piped water, sewerage, 
better housing and social services for in- 
migrants. Social investment of this type, 
badly needed as it may be can be made 
only at the expense of decreased invest- 
ment in agricultural and industrial pro- 
ductive facilities — investment designed to 
increase productivity as in tractors and 
fertilizers or in power plants, factories 
and transport. 

22. The already acute problems of the 
urban areas in the less developed areas, 
social and political, as well as economic, 
are intensified by the large internal mi- 
gratory flows of population from rural to 
urban areas. This fact has been recog- 
nized by a number of nations which are 
making efforts to decelerate rural to ur- 
ban migration by means of programs de- 
signed to raise levels of living of the rural 
population. It may well be that the 
quickest way to increase the levels of liv- 
ing of urban population may lie in agrar- 
ian reforms, including modification of 
outmoded land tenure systems, which 
would give the agricultural population a 
stake in the land, produce higher produc- 
tivity, and induce the rural population 
to remain in rural areas. 

23. Imbalance in the distribution of 
population between urban and rural areas, 



considered in relation to industrial and 
general economic development, may, 
then, operate to retard economic growth. 
Needless to say, such a maldistribution 
of population is worsened by excessively 
high rates of total population increase. 
The dampening of total population 
growth rates would undoubtedly bring 
about a sharp decline in the rate of 
urbanization and make a more balanced 
population distribution possible. 

Quality of Human Resources 

24. The three aspects of population 
which tend to retard economic develop- 
ment discussed above are each concerned 
with problems of quantity of popula- 
tion — total population, an unfavorable 
age structure, and imbalance in urban- 
rural distribution. Also operating as a 
barrier to economic development, is the 
low quality of population in the less de- 
veloped areas, that is, the low general 
educational level and low skill of the pop- 
ulation and most importantly of the labor 
force. High levels of illiteracy and the 
absence of a skilled labor force serve as 
major barriers to economic growth, par- 
ticularly in the urban and industrial sec- 
tors of the economy. 

25. It is becoming recognized that per- 
haps the most important single type of 
investment for achieving economic devel- 
opment is investment in human resources. 
In fact it is being argued that “invest- 
ment in the human factor may well have 
a higher payoff in terms of increased 
output than does any other input”.® 
Moreover, evidence is mounting that 
only a relatively small share of increased 
output is the result of increases in the 
conventionally regarded inputs of labor, 
land and capital combined. For example, 
recent studies suggest that for the period 
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1899-1953 in the United States, only a 
third of increased output may be account- 
ed for by increased input of labor, land 
and capital. The remaining two-thirds 
of the increase in output seems to be the 
result of the combination of technology, 
organization, and human capital together 
with all other factors. 10 Moreorer, 
the data suggest that of these latter four 
types of input, human capital may be 
the most important. Investment in hu- 
man resources is essentially investment in 
the improved quality of population, as 
it may be achieved through increased 
education and training. 

26- There is little need for elaborating 
the importance of increasing the level of 
education of a population as an important 
element in achieving economic develop- 
ment A major barrier to raising the edu- 
cational level of a nation, however, may 
be found in high fertility. This can be 
readily demonstrated, (table 6) It is 
apparent that as mortality decreases 
while the birth rate remains fixed, total 



school construction needs may increase 
from a doubling to more than a quadrup- 
ling. Thus, with a gross reproduction 
rate of 3.0 an increase in expectation of 
life from 30 years to 70 years, would re- 
sult in a 2 *4 -fold increase in schorl con- 
struction needs, an increase from 10 units 
to 25 units. Contrariwise, a decrease in 
birth rate produces a substantial decrease 
in school construction needs when mor- 
tality is held constant. Thus, for an ex- 
pectation of life of 50 years, a decrease of 
more than two-thirds is effected in school 
construction needs when the gross re- 
production rate declines from 4.0 to 2.0. 
That is, annual school construction needs 
declines from 29 to 8 units. If the birth 
rate is decreased along with declines in 
the death rate, appreciable decreases in 
school construction needs may be effected. 
For example, if the gross reproduction 
rate is decreased from 4.0 to 2.0 while 
expectation of life increases from 30 to 50 
years, school construction needs are de- 



Table 6 . Estimate of total annual school construction needs per 1,000 active males 

at different mortality and fertility levels? 

Activity rates in less developed countries** 



Expectation of life at birth 





30 years 


50 years 


70 years 


4.0 


19 

10 

***3 


29 

19 

8 




3.0 


2.0 





38 

25 

13 



"Construction required for one male pupil = 1.0 

**“It has been assumed that, between the ages of 10 and 24, school attendance rates were equal 
to the difference between the male activity rates and 1 in the five-year age groups and that all children 
of from five to nine years of age attended school." 

***The difference between the rate of replacement needs (2.9 per 1,000) and the rate of vacancies 
occurring. 

Source: U.N. Population Studies, No. 26, T b* Aging tf Populations end Its Economic and Social Impli- 
cations, United Nations, New York, 1956, p. 69. 






creased by more than 50 percent— from 
19 to 8 units. 

27. The gains that may be achieved 
from a reduction in birth rate in de- 
creasing the investment necessary for 
educational construction may, of course, 
also be gained in decreasing the invest- 
ment necessary for increasing teachers 
and educational facilities. Similar sav- 
ings may be achieved on training pro- 
grams, that is, the teaching of occupation- 
al skills. 

Concluding Observations 

28. Economic development policies and 
programs must take into account the role 
of population factors, in general, and 
specifically the four aspects of population 
which have been discussed above. To 
eliminate the adverse effects of popula- 
tion factors on economic development it 
is necessary to dampen rates of total popu- 
lation increase, to effect a more favorable 
age structure, to achieve a more balanced 
urban-rural population distribution, and 
to raise the quality of the population by 
attaining higher levels of education and 
training. Each of these goals is a ttain , 
able, and, significantly enough, all may 
be achieved by the same means — namely, 
through a decrease in the birth rate. 

29. In the contemporary world situa- 
tion, given the great declines in mortality 
achieved and in prospect, a decrease in 
the birth rate would simultaneously re- 



duce rates of population increase, favor- 
ably alter the age structure, help to effect 
better balance between urban and rural 
population distribution, and permit more 
adequate and effective investment in hu- 
man resources. 

3°- A decrease in birth rate, seems a 
simple enough solution. But it is not 
easy of attainment The hard fact is that 
in most of the less developed areas there 
is neither incentive nor motivation for 
regulating family size. Moreover, it is 
not clear that the techniques for con- 
trolling fertility are as yet available which 
can be effectively employed in these areas. 
In the contemporary world there arc no 
economically advanced nations which do 
not employ both death control and birth 
control. But, there is no guarantee that 
the methods that have proved to be effec- 
tive in the economically advanced areas 
will automatically prove to be effective in 
the Jess developed areas. 

31. There is a great need, therefore, 
for increased research both in the social 
sciences and in the natural sciences. So- 
cial science research is needed to learn 
more about how to increase motivation 
and incentive for the regulation of the 
family size. Natural science research is 
needed to learn more about human repro- 
duction so that more effective methods for 
controlling fertility may be developed. 
Programs for the development and appli- 
cation of science and technology for the 
benefit of the less developed areas must 
necessarily embrace these needs. 
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Manpower Projections and Techniques 

Seymour L. Wolfbein 

• Director, Office of Manpower, Automation and Training 
US. Department of Labor, Washington, D.C. 



1. The development of national eco- fessional, technical, scientific, and skilled 

nomic goals must take into consideration workers, with the aims of avoiding short- 

the future availability of manpower in ages that will hamper economic growth 

adequate amounts, and possessing re- on the one hand, and structural unem- 
quired skills and education. This is true ployment on the other. 

for highly developed industrial nations as 5. i n many rc spccts, therefore, the 
well as for the developing nations of the United States faces many of the same 

wor ^* problems in the field of manpower that 

2. The purpose of this paper is to de- affect other nations which are under- 
scribe some of the techniques utilized in going periods of rapid technological 
the preparation of projections of man- change, including developing nations, 
power requirements and resources in the 

United States and to discuss briefly their 

application to developing nations. ' Est imatin g Manpower Requirements 

3. The United States has a dynamic 

economy — growing and changing at a ^ ^ major factor in determining the 
remarkable pace. Population and labor manpower requirements in most indus- 

force growth have been rapid, and tr * cs * s t ^ lc ^ cvc ^ industrial activity in 

changes in technology and the pattern of ^ sector, which in turn is related to the 

demand have resulted in revolutionary ovcra ll level of economic activity for the 

shifts in the structure of employment in nation and the pattern of that activity, 

recent decades. Such industries as trade The requirements for manpower in spe- 

ancl service and State and local govern- c ^ c occupations, therefore, are a func- 

ments have grown at a rapid pace; some ^ on P art the level and structure of 

industries, including the manufacturing gross national product. A model of the 

complex, have shown little or no growth; economy projecting the level and compo- 

and some, sue. as agriculture and min- sition of output is, then, the starting point 

ing, have curtailed employment sharply ^ 0I projections of manpower require- 

in a relatively few years. ments. 

4. These rapid changes have made it 7* Two broad approaches to the pro- 
essential to develop techniques which will jection of overall demand customarily 
permit us to anticipate future needs for have been utilized as a first step in pro- 
workers, especially highly trained pro* jeering manpower requirements. 




(a) One approach assumes that a given 

level (or alternative levels) of output will 
be achieved in a target period. It can 
either represent a desired level of income 
and consumption or be the result of an 
assumed rate(s) of growth of the econ- 
omy. This projected level of output can 
be estimated by fairly sophisticated analy- 
sis of trends in consumer expenditures, 
business investment, and government de- 
mand or it can be merely the result of 
the projection of given rates of growth of 
the private or total economy. This gen- 
eral approach has the advantage of mak- 
ing it possible to examine the manpower 
implications of different assumptions of 
rates of growth of the economy. 

(b) Another approach is to stipulate 
full employment in a target period and 
then examine the implications for man- 
power requirements and resources of the 
economy at that time. This approach, 
most frequently used in manpower pro- 
jections in the United States, begins with 
a projection of the supply of labor— the 
labor force. This may be reduced to em- 
ployment totals by the deduction of the 
unemployment estimated to exist under 
conditions of full employment. When 
coupled with projections of the length of 
the work year (adjusted for changes in 
hours worked, vacations, holidays and 
other time-off), and of productivity for 
the total private labor force, the estimates 
of overall employment can then be used 
to determine levels of output for given 
future periods. 

8. An evaluation of population trends 
is a critical first step in projecting labor 
force, since the number of persons avail- 
able for work depends largely on the pop- 
ulation of working age at any given time. 

As a basis for an adequate population 
projection it is necessary to have figures 
on population by age and sex, and infor- 



mation on births, deaths, and in and out 
migration. Population projections are 
generally made by applying survival rates 
to the population plus annual estimates 
of births and the net effect of migration. 
The survival estimates, of course, must 
include an allowance for any trend in 
mortality rates. Projecting the number 
of births is also a major problem, since 
there may be substantial changes in the 
fertility rate during relatively short 
periods, especially in a nation undergoing 
significant social or economic changes. 

9. To compute projections of the labor 
force from estimates of the population, 
it is then necessary to evaluate and pro- 
ject trends in the proportion of the popu- 
lation participating in the labor market 
Where data for current and past periods 
are available, projections are made by de- 
tailed age-sex categories, because of sub- 
stantial differences among groups in their 
participation in the labor force (1). Gen- 
erally, most adult men are in the labor 
force, but there can be significant changes 
in the rates of participation of young- 
sters, older persons, and married women. 
This has been dramatically evident in the 
United States in recent years, when there 
has been a sharp decline in the labor force 
participation of school-age youth and men ) 
of retirement age, and a sharp rise in par- 
ticipation of married women whose chil- 
dren have reached school age. Sharp 
changes in labor force participation 
should certainly also be anticipated in an 
economy in a phase of rapid development 
from an agrarian to an industrial nation. 

As a basis for projecting participation 
rates in developing nations where little 
labor force data may be available, it may 
be valuable to view the pattern of changes 
that have occurred in other economies as 
they have moved progressively through 
the phases of industrialization. 
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Industrial Employment Requirements 

10. When the general overall levels of 
economic activity and employment have 
been estimated for some future period, 
further analysis of labor requirements and 
supply is needed to provide an industrial 
and occupational distribution of the em- 
ployed total. 

11. Labor requirements are generally 
harder to estimate than is the supply of 
labor. The supply is significantly related 
to demographic variables which are less 
likely to produce drastic shifts in the 
number of persons expected to be seeking 
work in short periods. In the United 
States, for example, since the labor force 
is defined to include persons 14 years of 
age and over, entrants for the next decade 
are already living. Of course, as ex- 
plained previously, other variables such 
as participation rates and retirement and 
death rates must be estimated to complete 
the supply projections. 

12. However, the complex relations 
which exist between the overall level of 
economic activity and the requirements 
of the subordinate components which dic- 
tate the number and kinds of jobs neces- 
sary to produce the total of goods and 
services, make estimates of labor require- 
ments much more subject to error. . In a 
nation like the United States, which has 
an economy not only relatively highly 
developed, but also one which comprises 
large areas of economic voluntarism by 
consumers and producers alike, estimates 
of future numbers and types of industrial 
labor requirements are extremely difficult 
to develop. 

13. Among the factors affecting the 
need for labor in specific industries are 
the amount of domestic production of in- 
dividual goods and services, and the 
changes in manpower estimated to be 



needed for such production. In turn, 
the amount of production of specific 
goods and services related to an overall 
estimate of total national output depends 
on a host of factors affecting final de- 
mand. 

14. Industrial manpower requirements 
will also vary in accordance with changes 
in output per man-year in each industry. 
These changes reflect the complex of cir- 
cumstances affecting worker productivity 
and hours worked. The latter reflect 
long-term trends in shortened work- 
weeks — the effects of legislation and vol- 
untary agreements between management 
and workers. 

15* The specific factors represented by 
all these considerations are many and 
complex. In practice, it would be vir- 
tually impossible for a procedure to recog- 
nize even a portion of them explicitly for 
more than a small part of the economy. 
Therefore, as a matter of practical neces- 
sity, analysts in the United States have 
been compelled to seek simpler proce- 
dures for most segments, reserving more 
elaborate treatment for the segments 
which are important enough and for 
which sufficient data are available to war- 
rant special efforts. 

16. In general, three types of ap- 
proaches have been employed in the De- 
partment of Labor in relating estimates 
of total economic activity to individual 
industries. They are: 

(a) Relation of employment in in- 
dividual industries to projected total 
employment for all industries. 

(b) Relation of production in each 
industry to total projected production, 
and subsequent translation of projected 
industry production into estimates of 
industry employment 

(c) Allocation of total production 
among the various goods and services 
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by a complex system of interindustry 
relationships, thereby developing esti- 
mates of industry production and em- 
ployment. This has been used on only 
a few occasions, and is still in process 
of further development (2). When 
finally developed it will represent the 
most sophisticated approach to the de- 
termination of future economic and 
manpower requirements yet perfected 
for the United States. 

17. All the procedures discussed are 
based on past data and reflect past rela- 
tionships. To make any of them respon- 
sive to changes in the future which have 
not developed from past trends, it is neces- 
sary to recognize the possibility of 
changes in technology and in the uses of 
materials which would change in sub- 
stantive fashion the character of the re- 
lationships used in estimating. 

Approaches to Projecting Industry 
Employment 

18. Relation of employment in individ- 
ual industries to total employment. 
This approach, the simplest to calculate, 
assumes that the movement of employ- 
ment in certain individual industries 
varies characteristically with the fluctua- 
tion of total employment. By estimating 
the level of employment direcdy from 
projected total employment, the inter- 
mediate step of calculating individual in- 
dustry production totals is not required. 

19. While this method would appear 
to be almost too simple to produce useful 
and meaningful results, it has been found 
that in many industries the movement 
of employment has in fact varied in suffi- 
ciendy characteristic fashion in relation 
to total employment to make the proce- 
dure a useful tool. Regression equations 
are first calculated between private non- 



agricultural employment and employ- 
ment in each of the broad industry 
divisions: manufacturing, mining, con- 
struction, trade, services, and finance. 
Employment in agriculture and govern- 
ment, whose levels are determined in 
large measure independendy of levels of 
national employment, are projected sepa- 
rately. The correlation procedure is then 
repeated for smaller aggregates of in- 
dividual industries relative to their broad 
industry divisions. 

20. Although having the advantage of 
simplicity, this method requires data for 
a number of previous years in order to 
permit the calculation of meaningful re- 
gression equations. In addition, it is a 
mechanistic approach whose validity be- 
comes weak for long-range projections 
well beyond the span of years covered by 
the data. And since it is based on past 
experience, new factors involving tech- 
nological changes in the industry or 
shifts in the demand for products of in- 
dividual industries relative to the total 
economy, could make determinations 
based on the method misleading. How- 
ever, as a first approximation, and sub- 
ject to adjustment of the results by data 
derived from special studies of specific in- 
dustry employment trends, this method 
provides useful results. 

21. Projection of production in each 
industry in relation to projected produc- 
tion, and subsequent translation of indus- 
try production projections into employ- 
ment. This approach, also involving 
correlation analysis, is based on the rela- 
tion between the production of individ- 
ual industries with total projected pro- 
duction. This is done, as in the previous 
method, for the broad industry divisions 
first and progressively for smaller indus- 
try aggregates related to the broad indus- 
try division totals. This procedure, while 
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still essentially mechanistic, permits great- 
er numbers of checks for internal consist- 
ency. For example, some comparisons 
can be made to ascertain that the data on 
projected production of certain goods and 
services are consistent with the projections 
of output of end-products in which they 
are used. Other similar checks are pos- 
sible. If the original calculations appear 
to give distorted results, corrections can 
be made before the translation of prod- 
ucts to employment is made. Further 
analysis at this stage includes detailed 
studies of each industry’s future product 
demands and technological trends, as far 
as they can be ascertained. The method 
permits the inclusion of fairly sophisti- 
cated internal consistency review proce- 
dures, but it is not a self-checking opera- 
tion and much is dependent on the 
ingenuity and judgment of the analyst for 
meaningful results. 

22. In the subsequent step, that of 
translating production estimates into em- 
ployment estimates for individual indus- 
tries, consideration must be given to out- 
put per man-hour, average hours worked 
per worker and expected changes in their 
trends. 

23. This procedure has the advantage 
of providing data which can also be used 
for economic analyses in areas other than 
manpower. However, its statistical data 
requirements are more demanding. In 
addition to employment data, informa- 
tion on production, price indexes, and 
hours of work by appropriate industry 
classification are necessary. 

24. Allocation of total production 
among various industries by use of in- 
terindustry coefficients. This procedure 
relates the flows of materials between in- 
dustries and is the most complex and so- 
phisticated yet undertaken for the devel- 
opment of projections of the economy of 



the United States. It requires economic 
and technical data covering the entire 
economy in a comprehensive yet exceed- 
ingly detailed manner. In order for this 
procedure to produce meaningful results, 
data concerning intermediate as well as 
final demands on the economy must be 
developed. Analyses of the American 
economy utilizing input-output tech- 
niques have been done in the past in 
varying degrees of industrial detail. Cur- 
rendy work in this method has again 
been undertaken to provide projections 
of the economy for periods of 5 and 10 
years in the future, for a wide variety of 
purposes. 

25. This technique, once the basic data 
are available in the form required, per- 
mits the examination of the effects of 
varying assumptions on future trends in 
the economy. For example, assumptions 
can be made of high or low productivity, 
high or low investment programs, and 
high or low defense expenditures. 

26. It should be noted that while each 
of the procedures described above for 
projecting manpower requirements may 
be useful in highlighting some of the 
problems involved in achieving full em- 
ployment, the projections cannot by them- 
selves forecast whether or not full em- 
ployment will in fact be achieved. It is 
also important to note that each of these 
methods is vulnerable to the need for 
judgment in areas of future changes in 
productivity and in shifts in the relations 
of demand for products. The interindus- 
try relations method does, however, relate 
existing knowledge and assumed changes 
in a more rational fashion than does any 
other type of analysis. It also has the 
unique feature of being virtually self- 
checking with respect to internal consist- 
ency. However, the development of an 
interindustry matrix requires vast pro- 



24 









; ' 



1 ****** 









cessing of detailed production and ship- 
ments data. 

Projections of Industry 
Employment by Occupation 

27. Projections of industry employment 
by occupation were developed by the Bu- 
reau of Labor Statistics through the use 
of an occupational-industry matrix which, 
for some 150 industries comprising the 
total economy, presents the absolute and 
relative distribution of employment in 
about 150 occupations. The basic matrix 
represents the occupational distribution of 
each of the industries in the economy as 
of a specific period of time and requires 
detailed statistics on occupations by indus- 
trial distribution normally available only 
from a comprehensive census. It is by 
itself a major undertaking. 

28. In the application of the occupa- 
tional-industry matrix for the projection 
of manpower requirements, it should be 
recognized that changes in the future oc- 
cupational composition of industrial work 
forces must be projected in order to cor- 
rect for shifts in productivity and in job 
functions related to changing technology. 
The unique advantage of working with 
the matrix, as modified to reflect these 
changes, is that it distributes the entire 
projected labor force by occupation and 
industry and provides the framework for 
occupational estimates consistent with 
overall projected industry and economy- 
wide totals. 

29. The matrix was prepared in rela- 
tively detailed fashion for the United 
States; it would be useful because of the 
controls it exercises on the product totals 
even if it incorporated much broader in- 
dustry sectors and less occupational detail. 

30. An example of the type of occu- 
pational requirements study useful for 



the modification of matrix relationships 
or other projection techniques, is a recent 
study undertaken in the Department of 
Labor. This study, The Long-Range 
Demand for Scientific and Technical 
Personnel, prepared by the Bureau of La- 
bor Statistics for the National Science 
Foundation in 1961, was an effort to 
assess the need for scientists and engineers 
in the United States for the year 1970. In 
selecting the methodology, a major effort 
was made to examine the relationships of 
scientific and technical employment with 
other economic indicators capable of be- 
ing used for projection purposes. It was 
found from a study of the trends of past 
data that the most significant relation- 
ship was that between the number of 
scientific and technical personnel in an 
industry and total employment in that 
industry for recent years. 

31. The use of a regression relation- 
ship technique was generally supported 
by detailed investigation of the demand 
for scientists and engineers in two major 
industries, chemicals and electrical equip- 
ment, although some adjustments were 
necessary. Special studies were also con- 
ducted for other industries and occupa- 
tions, where data were not adequate to 
support the use of the regression 
technique. 

Occupational Supply 

32. After occupational requirements 
have been determined, estimates must be 
made of the availability of workers to 
meet these requirements. The first step 
is the determination of the current supply 
of workers by occupation. Secondly, 
estimates must be prepared of the addi- 
tions to and withdrawals from each oc- 
cupational group over time. These esti- 
mates must then be matched against the 
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projected occupational requirements so 
that areas of potential shortages and dis- 
locations may be pinpointed. 

33 * The enumeration of the steps in- 
volved is somewhat easier than their solu- 
tion because of the lack of detailed data, 
especially by occupation, for many sectors. 
In addition, other factors such as the 
transferability of skills among occupa- 
tions, anr! changing labor force participa- 
tion rates, are important background 
elements affecting occupational supply. 
Transferability, for example, is easily ac- 
complished among relatively unskilled 
occupations, but even at higher levels, 
including the professional, there is some 
shifting among fields of discipline. Con- 
sequently, when earnings or employment 
opportunities are relatively high in an 
occupation, those in other occupations or 
out of the labor force may be induced to 
shift. Therefore, the potential supply for 
an occupation is, except for some where 
shortages exist, generally greater than the 
number of people currently wor kin g in 
that occupation. 

34 * The basic source of occupational 
data in the United States is the decennial 
Census of Population. This source pro- 
vides information on several hundred 
occupational categories. The Monthly 
Report on the Labor Force of the U.S. 
Department of Labor, which is based on 
a monthly sample survey of the noninsti- 
tutional population, is the source of 
current data for the dozen broad occupa- 
tional groups in our classification system, 
e, 8’» professional and technical workers, 
clerical, sales, craftsmen and foremen, 
operatives, nonfarm laborers, etc. Data 
for some selected breakdowns within the 
groups are also provided. 

35. For those occupations where formal 
training is required, estimates of addi- 
tions to the work force may be prepared 



from various sources. Data are most 
readily available for the professional oc- 
cupations and the skilled crafts where in- 
stitutional requirements must be met— 
i.e., degrees, licenses, and certificates— be- 
fore the student or trainee is considered 
fully qualified. In these cases, data may 
be obtained from educational institutions, 
training facilities or licensing authorities. 
Secondary vocational schools and organi- 
zation membership rosters are also sources 
of information. 

36. In addition to providing statistics 
on the numbers of persons who have com- 
pleted training in various fields, some 
information is generally available from 
educational institutions or apprenticeship 
training facilities on the numbers cur- 
rently enrolled in certain prescribed areas, 
providing the basis for short-term pro- 
jections. The data on enrollees registered 
in each year must, however, be modified 
by some estimate of the rate of drop-outs, 
since it is a dictum that not all students 
or trainees who begin a particular long- 
term course of study will graduate from 
that course. They may drop out of school 
altogether, or they may shift to another 
field. 

37. Formal training courses, however, 
are not a complete source of data on the 
numbers of persons entering the skilled 
crafts or even some of the professions. 

In some cases, persons who had dropped 
out of courses before completion have 
been able to supplement their education 
with experience, and in time become 
qualified and accepted members of their 
craft or profession. In addition, many 
persons have completed on-the-job train- 
ing in establishments, or in the Armed 
Forces, or in informal apprenticeship pro- 
grams (not formally registered with the 
U.S. Department of Labor's Bureau of 
Apprenticeship). Estimates of the occu- 



26 



pational supply stemming from noninsti- 
tutional sources have in many cases been 
based on sample surveys of personnel in 
employing establishments, requesting in- 
formation on their education and experi- 
ence which is pertinent to their current 
occupations. 

38. Long-term projections of the sup- 
ply in professional occupations may be 
made with some semblance of precision 
for college graduates, but for other 
groups, unfortunately, even imprecise 
data are generally not available. Projec- 
tions of graduates by field of discipline 
are based on estimates of college enroll- 
ment applied to projections of the popula- 
tion by age and sex. 

39. It is anticipated that research pro- 
grams undertaken by the Office of Man- 
power, Automation and Training of the 
Department of Labor will develop data 
on numbers of persons obtaining training 
from various sources, including the 
Armed Forces, correspondence schools, 
unofficial on-the-job training programs 
and other noninstitutional sources. 

40. In addition to the preparation of 
estimates on the numbers entering specific 
occupations, estimates must also be made 
of withdrawals from each occupation. 
Persons who die or retire must be re- 
placed, as must those who leave the labor 
force or who transfer to other fields. 
Estimates of losses due to death and re- 
tirement are more easily made than esti- 
mates due to other reasons. 

41. Attrition due to death may be esti- 
mated by the use of standard life mortal- 
ity tables. Generally, it has been assumed 
that the age composition of the occupa- 
tion is similar to the age distribution of 
the adult population. Retirement esti- 
mates for specific periods are then based 
on the age estimates coupled with an as- 



sumed retirement age, after allowances 
for death. 

42. Tables of working life developed 
by the United States Department of Labor 
are an efficient device for measuring with- 
drawals from an occupation. These 
tables show, for successive ages, losses due 
not only to mortality but also to retire- 
ment. Separate tables of working life 
are available for men and for women (3). 
Those for women also take into account 
withdrawals from the labor force and 
reentry associated with marital status and 
childrearing. 

43. Practically the only data available 
on transfers to other occupational fields 
stem from selected sample studies of work 
histories collected from individuals. 
These studies, however, are too fragmen- 
tary for broad use, and much work re- 
mains to be done in this area. 

44. After data on entrances and exits 
from specific occupational fields have 
been prepared, the gross projections by 
occupation are adjusted by these estimates. 
These data provide the basis for a com- 
parison with future occupational require- 
ments and reveal those areas where sup- 
ply and demand are not in balance. 

45. Attention must be given to areas 
of potential imbalance. The early direc- 
tion of vocational guidance toward ex- 
pected fields of shortages can do much 
to circumvent those shortages, especially 
in areas where relatively long-term 
courses of study are necessary. Therefore, 
vocational advisors must be educated in 
the field of occupational outlook, with 
particular emphasis given to occupations 
where the demand is expected to exceed 
the available supply. In addition, educa- 
tional and training facilities of the kinds 
needed must be available, staffed and sup- 
ported, to ensure an adequate reservoir of 
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skilled and trained manpower for future 
needs. 

Application and Modifications of 
Projection Techniques for 
Developing Nations 

46. The procedures employed for esti- 
mating manpower requirements in the 
United States require fundamental modi- 
fications when applied to the same pur- 
poses in developing nations (4). None- 
theless, there are useful elements applica- 
ble with differing degrees of emph sis. 

47. In selecting the applicable pro- 
cedures, it is useful to recognize with 
candor differences in the political and 
economic framework which do not per- 
mit the exact duplication of American 
procedures. In a highly developed in- 
dustrial economy undergoing no radical 
change in the structure of society or politi- 
cal orientation, it is feasible to project 
manpower requirements by extrapolating 
past trends. This assumes an orderly con- 
tinuation of an ongoing process of eco- 
nomic development subject to specific di- 
rection largely only in limited sectors 
such as national defense and public serv- 
ice. Growth is projected from a highly 
developed industrial base, with a literate, 
basically skilled and expanding popula- 
tion, and with a supply of capital avail- 
able for industrial expansion. The ca- 
pabilities are present in the existing frame- 
work both for growth and for change j 
past trends have demonstrated precisely 
such potentials for expansion and for 
transformation in the industrial and oc- 
cupational framework. 

48. In a developing economy, where 
previous growth would not be acceptable 
as a standard for future development, the 
projection of manpower requirements is 
in practice contingent on the magnitude 



and nature of the economic goals estab- 
lished beforehand, and is actively linked 
with a current process of economic plan- 
ning and control. 

49. Where economic goals call for the 
establishment of industries which do not 
as yet exist, or where they call for the 
extension of industries uniquely situated 
(for example, industries established and 
operated by foreign personnel), then, ob- 
viously, it is not feasible to project man- 
power requirements on the basis of previ- 
ous trends or by such methods as 
soliciting requirements from employers. 
Moreover, in practice, often very little of 
the data required even to define past 
trends or the current situation are 
available. 

50. In many cases, data from other 
countries can be more useful than data 
for the subject country. This would be 
true, for example, in developing occupa- 
tional requirements for projected indus- 
try levels where the industry does not yet 
exist in its projected form. Moreover, 
where the existing industry in the devel- 
oping nation is small, its occupational 
structure may be quite different from the 
industry at its projected level. On the 
other hand, the occupational distribution 
at the projected level may be similar to 
that in some more developed nation at 
the current or some previous stage. The 
Puerto Rican example has direct bearing 
on this adaptive procedure. In the 1957 
projection of Puerto Rico’s manpower 
needs for the year 1975, it was assumed, 
on the basis of a projection of previous 
trends, that the productivity and occupa- 
tional mix of most sectors would be die 
same in Puerto Rico in 1975 as in the 
United States in 1950. This provided a 
basis for determining the number and 
kinds of specific skills needed to achieve 
the industry pattern projected for 1975. 
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51. In some ways, the evaluation of 
manpower requirements in developing 
economies is somewhat easier than for 
advanced economies, in that guidelines to 
the future structure of occupation and in- 
dustry employment are available in the 
present pattern and history of develop- 
ment of the more advanced economies. 
Similar bases for comparison are not 
readily available for projecting man- 
power requirements in advanced nations. 
However, this technique is utilized to 
some extent by studying the structure of 
the most advanced firms and industries 
as an indicator of the future path of devel- 
opment for the rest of the economy. 

52. In addition, it is possible for de- 
veloping nations to import skilled labor 
to fill critical occupational needs, and to 
use these workers as a cadre for training 
manpower. 

53. Obviously, the Puerto Rican appli- 
cation cannot be precisely paralleled by 
all countries, but the same projection 
methods can be applied with modifica- 
tions based on differences in skill level 
and productive capacity of the available 
manpower supply, and on judgmental 
considerations involving the effect of so- 
cial and political factors on the occupa- 
tional framework, e.g., the length of the 
workweek and workday, and observances 
of national or religious customs which in- 
fluence occupational needs. 



54. The value of the projections is that 
work can then proceed on the develop- 
ment of manpower supply through pro- 
grams of education and training. Where 
shifts in technological processes are en- 
countered — and they should be antici- 
pated — a system of retraining and up- 
grading, even of skilled workers, must 
be provided for. Such retraining, as well 
as the development of information re- 
quired to formulate manpower policy, are 
now provided in the United States in the 
Manpower Development and Training 
Act administered by the Department of 
Labor. 

55. Part of the projection of manpower 
needs must include provision for teachers 
and training personnel. Part of the eco- 
nomic goals must also include an alloca- 
tion of resources for schools and training 
equipment. The projections provide a 
basis for getting on with the work in 
orderly fashion. 

56. Although experience usually will 
dictate certain modifications during the 
period of economic development, the 
availability of a system of projections 
provides a standard for measuring per- 
formance and a guide for action; such 
projections should contribute to a sub- 
stantial gain in time and a savings in re- 
sources for any nation anticipating sig- 
nificant changes in its industrial structure 
and in its labor force. 
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1. This paper treats the subject of man- 
power assessment techniques in two parts. 
The first is a general discussion of basic 
problems involved in dealing with man- 
power assessment, the second is concerned 
with the procedures particularly relevant 
to manpower assessment in Turkey. 

Part I — General 

2. Assessment of manpower is an es- 
sential requirement for sound economic 
and social planning. Basic to determin- 
ing the relationship between labor de- 
mand and supply, both quantitatively and 
qualitatively, as it exists and as it is ex- 
pected to develop, is the organization, 
evaluation, and projection of es sential 
manpower data. The listing of the in- 
formational sources necessary for these 
purposes has been set forth in varying 
detail on numerous occasions. They are 
precedent to establishing the framework 
for manpower analysis and program im- 
plementation. 

3. In essence they consist of factual 
data or reasonable estimates of the total 

3 * 



population broken down into various 
components. These consist initially of 
sex and age groupings, degrees of literacy 
and educational achievement, urban and 
rural distributions, and rates of popula- 
tion increase. Additionally, as much de- 
tail as is feasible should be obtained on the 
industrial and occupational distribution 
of the labor force, the variety and charac- 
teristics of work force skill improvement 
programs, patterns of technical change 
and programmed economic growth. All 
of these sources of data then need to be 
organized so as to establish the relation- 
ships of labor demand and supply for the 
periods of projection by economic sector, 
occupationally, industrially and/or re- 
gionally, and to indicate the procedures or 
machinery by which the various types of 
demand and supply can be most effec- 
tively matched. 

4. The wide variations in data re- 
sources which exist from country to coun- 
try among less developed areas make it 
extremely difficult to follow any stand- 
ard type of approach. The expert^ how- 
ever, must investigate initially all official 
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source materials as realistically as possi- 
ble. Perhaps the most important single 
reference source would be the latest popu- 
lation census. However, careful consid- 
eration must be given as to the collection 
methods used, whether a full count or 
sample, the extent of geographical cov- 
erage, the items of information collected, 
occupational and industrial attachments, 
age, sex, education, etc. Particular em- 
phasis must be placed on the degree of 
detail and the acceptability of the indus- 
trial and occupational classifications used 
in the census. Additional information on 
migration patterns, rates of population 
growth by sectors (rural and urban), and 
shifts of population from one to the other, 
the concentrations and characteristics of 
non-agricultural employment and the par- 
ticular nature of the rural sector activities 
are extremely important. They provide 
the guidelines within which intensive 
evaluation and projections must be 
developed. 

5. Official censuses or other bench- 
mark data frequendy offer special diffi- 
culdes. These may be due to their lack 
of recency or their incompleteness, espe- 
cially in relation to labor force character- 
isdes and industrial attachments. There 
is also the inconsistency in the use of in- 
dustrial and occupational classifications 
which may make for non-comparability 
with previous census materials or with 
current economic data from operating 
industrial or governmental sectors. Ad- 
ditionally, there are the questionable re- 
sults obtained in national census due to 
limited sampling of households with re- 
gard to labor force participation. 
Coupled with this is the limited training 
of enumerators in the use of these spe- 
cialized classifications and the degree of 
accuracy of the responses. Furthermore, 
there is a large question as to the extent 
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of the applicability of Western labor force 
concepts to local conditions. 

6 . The sophisticated concepts of labor 
force participation, which are generally 
based on easily categorized industrial 
wage-job relationships, are often literally 
transplanted to an entirely different social 
and economic environment. In many of 
these less developed sectors the entire 
family frequently functions as a single 
economic unit. Unemployment, as de- 
fined in the Western economies, is far 
less significant than underemployment. 
Also household chores and normal work 
activity are generally interchangeable in 
a basically peasant or self-subsistence agri- 
cultural economy. Almost all adult 
females and children from 7 or 8 years of 
age up are consequen tly engaged in some 
useful (economic) function. Thus ac- 
cording to the definitions used in the 
industrialized societies they would be 
considered as part of the labor force. It 
is a fundamental question of how far the 
industrialized concept of the work force 
needs adaptation to developing societies 
where static agriculture generally pre- 
dominates and involves two-thirds to 
three-quarters of the total population. 
Lacking an adequate measure of an age 
cutoff or definition of home maker for 
acceptance into the labor force, it is pos- 
sible to end up with extremely large mag- 
nitudes of categories of potential work- 
ers for which a developing society should 
presume to find work opportunities. 

7. In post-war Turkey, perhaps 75 per- 
cent of the population lives in rural areas 
and is primarily engaged in peasant type 
agriculture. Labor force participation as 
reported in all of the latest censuses has 
been measured from age 15. In the 
Philippines, on the other hand, with per- 
haps 65 percent of the work force en- 
gaged in agriculture, likewise mostly in 



















small holdings, the labor force participa- 
tion determination starts at age io. The 
published Turkish labor force data of the 
1950, 1955 and the preliminary i960 
censuses using age 15 as a cutoff are open 
to considerable question because of the 
very easily observed fact that a significant 
proportion of youth under age 15 are 
actually employed, especially in agricul- 
ture. 1 Furthermore, the Turkish Labor 
Law fully recognizes this fact by requir- 
ing that employees covered by that law 
must keep registers of all workers age 12 
and over. There is far greater use of 
child labor in agriculture, especially in 
tending sheep and cattle. This is pardy 
attributable to the very limited elemen- 
tary schooling for the vast majority of 
Turkish children, especially in rural areas. 

8. Similarly, in connection with na- 
tional population estimates, the relatively 
advanced Philippines with a well-staffed 
statistical department and reasonably re- 
liable current vital statistics data as a basis 
for intercensal population estimates fell 
some 12 percent short of its population 
projection for the i960 census made im- 
mediately prior to the actual census 
count. In other less developed countries 
census results often open up as many 
questions as they resolve. For example, 
in Burma the population census was 
spread over a 2 year period in 1953-54 
pardy because of internal political dis- 
turbances, the disruption or complete 
absence of communications in very diffi- 
cult and hardly explored terrain, and 
limited technical facilities. The resources 
available for census enumeration proc- 
essing and tabulation could at best have 
only provided some approximate data on 
which to base any reasonable manpower 
analyses and projections. 

9* One of the manpower assessment 
methods advocated where local data are 



inadequate has been to refer to relatively 
comparable industrial or social structures 
in other less developed areas as a means 
of substituting for the local deficiencies. 
There are many practical advantages in 
applying this procedure. However, the 
nominal conformity in both countries to 
international standard industrial, occu- 
pational, statistical, and demographic 
classifications may disguise the limita- 
tions of one country’s data and make 
them subject to use in the host country 
only with caution. 

10. Approaches to manpower assess- 
ment in less developed areas must ob- 
viously be eclectic. Available statistical 
and reference materials must be examined 
intensively and their consistency deter- 
mined by internal analyses and by refer- 
ence to operating conditions and specific 
detailed information found in the en- 
vironment. They will inevitably need to 
be supplemented by a series of sample 
studies in key areas of economic applica- 
tion to round out gaps or to support ten- 
tative conclusions based on the limited 
data at hand. Such studies will also 
serve to up-date earlier source references 
and in many instances provide clues to 
future trends or rates of growth. For 
example, the character of vocational 
training school courses which might have 
been in operation for some years and the 
acceptability in industry of their grad- 
uates may have undergone substantial 
changes in the intervening period since 
the data were first compiled. For devel- 
oping workable procedures and helping 
provide facilities for supplemental studies, 
the formation of one or more technical 
advisory committees consisting of econo- 
mists, statisticians, engineering special- 
ists, educators, government manpower 
administrators and training experts can 
be extremely productive. They will tend - 
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to keep the manpower assessment pro- 
gram firmly tied to the prevailing reali- 
ties of the local environment. 

ii. Each country’s manpower assess- 
ment problem has unique aspects and one 
may find unexpected, acceptable data 
sources where least expected. A planta- 
tion economy such as Ceylon’s has con- 
tinued to function on the basis of three 
major export crops— tea, rubber and 
coconut. The first two provide most of 
the export revenues. These highly com- 
mercial operations on substantially pre- 
determined acreages by reason of soil and 
climatic conditions use commercially 
tested and internationally competitive 
processes which have enabled them to 
operate effectively for several decades. 
Generally, they are fairly large scale op- 
erations run by well established and fi- 
nancially stable enterprises. The measure 
of manpower requirements per crop-acre 
including supporting services, plus the 
limited possible change in their output, 
processing technology and productivity 
per worker, make determinations of 
manpower staffing patterns and require- 
ments relatively reliable and simple to 
project. Furthermore, because of the 
special characteristics of the originally 
imported plantation labor, protective 
labor legislation insures continuous and 
complete records of employment by oc- 
cupation, wages, days worked, resident 
populations, supplementary educational, 
health, welfare services and the like. 

In other developing countries, compar- 
able data might be available for basic in- 
dustrial activities such as oil extraction 
and refining, for coal, tin or bauxite min- 
ing and smelting, etc. 

12. On the other hand, a generally 
peasant-type, smallholding, predomi- 
nantly agricultural economy (common 
among many less developed nations) like- 



wise can provide some reasonable 
assumptions for manpower requirements 
in terms of family (economic) units and 
resident populations. The rural sector by 
and large lacks the infrastructure for 
rapid advancement into a technological 
age— good allweather roads, adequate 
transport, communications, electric 
P° w cr, diversity of industrial activities, 
large capital investments per worker and 
above all, education, literacy, and expo- 
sure to modern technology. 

13. It is true that governments are 
making great efforts to speed the eco- 
nomic and cultural transition of their 
rural societies by pushing road building 
programs, providing railways and motor- 
ized transport, marketing facilities, 
schools, health and welfare amenities, and 
other desirable programs. In differing 
degrees these programs will necessarily 
open possibilities of geographic and oc- 
cupational mobility to this largely static, 
dispersed and unintegrated population 
sector. 

14. Such governments must, however, 
consider other priorities within their 
overall national economic development 
objectives. They must budget their 
limited developmental resources accord- 
ingly. One undoubted result of the de- 
velopment efforts which have affected the 
hitherto static rural economy is the draw- 
ing off of a part of the excess rural popu- 
lations into the cities as a concomitant of 
the increased mobility due to the rapid- 
ity of post war changes as compared with 
the preceding decades. 

15. Additionally, programs of land re- 
form, agricultural demonstration farms, 
resettlement and irrigation schemes, as 
well at the expansion of large scale com- 
mercial crop acreages in cotton, tobacco, 
sugar cane or beet, etc. may have an ex- 
panding impact on the traditional agri- 
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cultural structure. They in turn would 
develop supporting non-agricultural ac- 
tivities such as sugar mills, cotton gins, 
canneries, tractor and machinery repair 
centers, road maintenance, etc. But in 
relation to the numbers engaged in sub- 
sistence farming, the total effect in di- 
versification of economic opportunities is 
quite limited. For years to come, the 
changes in the structure of traditional 
rural society and in economic patterns 
will be gradual, and characteristics of 
low income and considerable underutil- 
ized labor resources will continue. 

16 . Underemployment in agriculture 
may be endemic (and partly a natural 
consequence of an industrial activity tied 
to seasonal and weather conditions), and 
its productivity extremely low in the tra- 
ditionally operated peasant holding. 
There is nevertheless, little likelihood of 
any radical change in that way of life 
or in its manpower utilization pattern in 
any period for which manpower projec- 
tions are feasible. 

* 7 - Any stimulus to improved produc- 
tivity through government aided coopera- 
tives, intensive or diversified agriculture, 
improved seeds, tools or fertilizers, etc. 
will be largely offset by the rapid growth 
of rural populations and increased con- 
sumption of the additional output with 
relatively little rise in the standard of liv- 
mg (c/f India’s experience during its past 
Five Year Plans). It the nation’s planned 
infrastructure and its educational pro- 
grams develop to a reasonable degree in 
the rural sector, a predictable consequence 
will be the intensification of the move- 
ment from the large reservoir of under- 
utilized labor supply from isolated rural 
areas to the growing urban centers. This 
will often increase the size of the urban 
unemployed work force, the numbers of 
marginally employed, and the prolifera- 



tion of so-called self-employed street 
vendors, lottery ticket salesmen, second 
hand goods dealers, etc. 

18. The manpower assessment problem 
thus can be divided into two comple- 
mentary efforts: (a) A moderately inten- 
sive analysis of the agricultural labor 
force and employment situation, which, 
because of the slowness of change, need 
be repeated only at infrequent intervals; 
and (b) a more intensive assessment and 
frequent re-assessment of the non-agri- 
cultural labor force and employment sit- 
uation in the light of changing conditions 
and with reference to new bench-marks. 

19. Governments in the less developed 
countries play an increasingly important 
part in the determination of the kind, 
magnitude and location of industrial and 
related economic developments by their 
control of the planning machinery, invest- 
ment policy, credit facilities, foreign ex- 
change allotments, tax incentives, etc It 
is thus possible to attack the problem of 
manpower measurement in terms of (a) 
specific government programs now under 
way as to employment patterns, occupa- 
tional shortages, skill development prac- 
tices, etc. (b) short term projects about 
to be undertaken with consideration for 
their manpower requirements and avail- 
abilities and (c) long range government 
programs which may need to be subse- 
quently reviewed as their preliminary 
target dates appear to be nearing the feasi- 
bility stage. Added to these considera- 
tions are (d) the historically recent experi- 
ence of the private sector in its use of 
manpower resources and its position, pre- 
determined by government or otherwise, 
to function within the framework of the 
planned production and service patterns 
which are the objectives of national 
policy. 
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20. Current and projected manpower 
data which can be gathered most easily 
are those from government owned or 
semi-public enterprises. These, however, 
need to be qualified by realistic judg- 
ments of the likelihood of the accomplish- 
ment of government production targets. 
Many of these projects may have, for in- 
ternal political or other reasons, been 
programmed beyond their economic fea- 
sibility. Perhaps due account has not 
been accorded to long range financing 
sources for major physical facilities or 
proper determinations made of costs and/ 
or market absorptive capacities. 

21. Perhaps one of the most fruitful 
sources on which the manpower assess- 
ment can depend are the several special- 
ized reports on aspects of the economy by 
AID, international agencies experts or 
private consultants. These may deal with 
financial, commercial, industrial, agri- 
cultural, educational, health, power, com- 
munications, transportation or other areas 
of special concern. They will provide 
reasonably sound guidelines in their 
strictly limited areas of interest for man- 
power assessment, current and projected. 
They are effective tools for translating 
economic development objectives into 
prospective manpower target ranges. 

22. In each case, program magnitudes 
and probability goals are usually set forth 
and frequently contain estimates of spe- 
cialized key manpower needs. Where a 
government might aspire to universal ele- 
mentary education and seek to achieve 
pupil-teacher ratios in elementary or sec- 
ondary schools not too far out of line with 
those in more developed countries, it is 
possible to estimate the number of addi- 
tional school rooms to be constructed, the 
additional teachers required and the re- 
lated teacher training facilities. Where 
a radical increase in doctors per 10,000 



population is set as a government target in 
“X” years, the medical survey expert's 
evaluation of the facilities needed for 
expanded doctor training, for the de- 
velopment of an acceptable professional 
level of proficiency, for the increase in the 
number of hospitals and supporting tech- 
nicians and the attrition rates for medical 
personnel now in practice, will furnish 
sound bases for sectoral manpower analy- 
sis in that specialized area. 

23. Another indispensable approach to 
manpower assessment, particularly in 
establishing a foundation for current dis- 
tributions of the non-agricultural work 
force are the periodic or intermittent (an- 
nual) reports of government such as sta- 
tistical series of the central statistical office, 
surveys of manufactures and commerce, 
reports of mining output by product, 
central bank statistics of levels of exports 
and imports by commodity group and of 
retail and wholesale trade, reports of im- 
migration and emigration, of employ- 
ment service activities and social insur- 
ance covered employment and payrolls, 
(and occasionally unemployment) etc. 
There are also in the private sector, the 
periodic surveys of their members by 
chambers of industry and commerce and 
trade associations. These may occa- 
sionally serve as a basis for comparative 
determinations of manpower input per 
unit of product or output in industrial 
sectors. 

24. Necessary cautions must be exer- 
cised in reviewing such fragmentary or 
summary employment data as the basis 
for global estimates and projections be- 
cause of the frequent underutilization of 
currently employed personnel in many 
enterprises, excess overhead manpower 
(sometimes found in government owned 
or controlled enterprises) and large 
amounts of underutilized capacity. When 
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projections of increased physical output 
to meet national development targets are 
utilized as a basis for future manpower 
requirements, it will frequently be found 
that the ratio of manpower requirements 
to increased levels of output may fall as 
low as i to 4 or even i to 8 instead of the 
much more frequently quoted i to 2 or 
1 to 3 relationship. 

25. The most consistent sources of cur- 
rent partial manpower information which 
may be available are periodic labor mar- 
ket and activity reports of an employ-' 
ment service, a central bank or a central 
statistical agency. These data may be 
collected with sufficient frequency from 
significant non-agricultural establish- 
ments to furnish reasonably broad indi- 
cations of industrial employment trends, 
staffing patterns, hours worked, and 
earnings. 

26. Where such data are lacking selec- 
tive establishment surveys by industry, 
area and size of firm can be executed in 
a relatively short period of time. These 
might cover past employment trends, 
breakdowns of current employment occu- 
pationally, by age, sex, and type of 
worker, labor turnover and attrition rates, 
and information on sources of recruit- 
ment, occupations in short supply, 
methods of skill acquisition — on the job, 
apprenticeship, outside vocational train- 
ing, etc. — as well as forward manpower 
projections up to 3 to 5 years based on the 
best judgments of the management in the 
light of their own economic plans and 
prospects. Extrapolations for non-cov- 
ered firms will generally be as effective 
for global industry manpower estimates 
and projections as most of the available 
reference data with which the manpower 
expert is concerned. As indicated earlier, 
for certain industrial categories for which 
occupational detail may be needed, there 



would be some comparative value in ob- 
taining staffing patterns from outside 
country sources, if available, of generally 
comparable stages of economic develop- 
ment. 

27. Where the government has estab- 
lished specific priorities of industrial 
undertakings, the basis for forward esti- 
mates are that much enhanced. Staffing 
patterns for such technically advanced 
units as modern, large scale plants (steel 
mills, refineries, smelters, textile mills, 
cement factories, etc.) can be estimated by 
reference to their manpower structures in 
advanced countries. Correspondingly 
these will need to be adjusted locally for 
lower employee productivity and for gen- 
eral overstaffing because of ever-present 
cheap labor supplies in all categories ex- 
cept for the highly skilled, the manage- 
rial, technical and professional personnel. 

28. Thus all in all, wide perspectives 
and selectivity of judgment are essential 
qualifications in assessing manpower re- 
quirements. Industrial additions total- 
ling “X” number of new jobs despite 
allowances for less efficient staffing and 
lower worker productivity will, neverthe- 
less, create secondary sources of job op- 
portunities ranging perhaps from 1 to 
2 14 for each new industrial job, depend- 
ing on the location of the new enterprises 
in relation to existing urban industrial 
concentrations. These secondary job op- 
portunities arise out of such activities as 
housing construction, road building and 
maintenance, transport services, water 
and electricity services, expanded whole- 
sale and retail trade, schools, health and 
welfare facilities, professional personal, 
domestic, recreation and protection serv- 
ices and above all, expanded government 
services. In all fields governments strive 
to become more responsive to the coun- 
try’s growing population needs and its 
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rising expectations. In developing coun- 
tries, central and local government em- 
ployment expands perhaps most rapidly 
of all industry sectors in a period of con- 
tinuing economic and social development. 

29. On the projected supply side, the 
rate of educational (and potential skill) 
development through enlarged elemen- 
tary, secondary and vocational trade 
school systems and particularly, the ex- 
pansion of technical, professional and 
higher educational institutions are large- 
ly dependent on financial considerations 
and the availability of qualified manpow- 
er staffs. How much of the Gross Na- 
tional Product can be devoted to educa- 
tional sector development in the face of 
urgent competing claims from agricul- 
ture, industry, social welfare, national de- 
fense and essential physical infrastructure 
development is a continuing debate fo- 
which there is no set answer. 

30. The evaluation of the character and 
capacity of the educational process to 
produce the kinds and numbers of work- 
ers called for by the evolving character 
of the industrial structure presents major 
difficulties. Aside from the question of 
the rate of achievement of school expan- 
sion, the increase in teacher training and 
.required educational plant and facilities, 
there is the relationship of curriculum 
geared to the character of the contem- 
plated changes in the economic structure 
of the society. 

3 1 * Perhaps too much emphasis has 
been placed on the universal appeal in all 
emerging societies for a free elementary 
education for everyone, up to, say the 
eighth grade. This would be an enor- 
mous undertaking in itself and would re- 
quire tremendous financial oudays. It 
would also utilize a major proportion of 
the country’s edw *ed minority for use 
in the educational system. Such a pro- 



gram might take decades to achieve. It 
would undoubtedly hamper the rate of 
growth in the other, more strategic areas 
of educational development which are 
geared directly to the needs of an advanc- 
ing economic system. It might therefore, 
be more profitable for balanced economic 
progress to speed up the development of 
secondary and technical education even 
if, heretically speaking, this slows down 
die wider spread of lower elementary 
education. 

32. Modern society requires higher 
levels of educational achievement than 
basic literacy which is what most develop- 
ing societies universal elementary educa- 
tional objectives hope to accomplish. The 
more advanced the technology, the more 
essential the proportion of secondary, 
higher technical, and professionally edu- 
cated requirements become in relation to 
the total educational process. This is true 
not only in specialized industrial and 
scientific fields bu-: as importandy among 
policy makers, in management, supervi- 
sion, planning, and staff services. 

33. Attempts to evaluate the quantity 
and quality of output of the educational 
systjm in relation to the projected de- 
mands (with allowances for attrition, 
drop outs, etc.) thus become a matter of 
extreme importance. Manpower assess- 
ment must realistically seek the best judg- 
ments of the policy makers and the 
educators to arrive at reasonable deter- 
minations of the practical prospects of 
what the educational objectives will actu- 
ally achieve in the periods of projection. 
The statistics of recent output by educa- 
tional category as a partial guide to the 
future projections need to be qualified by 
the test of practical occupational utiliza- 
tion of graduates in the fields of work 
which utilize their educational founda- 
tion. This type of supplementary study 
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will offer potential judgments on the re- 
ality of programmed educational targets 
for the period of the manpower assess- 
ment projections* 

34* Whatever estimates are developed 
must include a wide range of judgment — 
perhaps a scale of choices of high, low 
and medium— adjusted for the general 
shortfalls in production of the profes- 
sional, technical, managerial and super- 
visory skills with which less developed 
countries have been wrestling during 
recent decades. 

35* To develop the needed high level 
manpower resources on which the mo- 
mentum of development rests can also 
serve as a major contribution to the reso- 
lution of mass manpower development 
and utilization at lower skill levels. Spe- 
cifically designed programs to expedite 
the development of these high level pro- 
fessional and managerial personnel such 
as seminars for operating management, 
graduate training in professional fields, 
overseas study grants through agencies 
such as AID, UN, Colombo plan, private 
foundations, etc. are being implemented 
on an increasing scale. The staffing pat- 
terns for executive and top a dmin istrative 
positions in government, higher educa- 
tional institutions, as well as private in- 
dustry, the registers of professional en- 
gineering, medical, etc. societies and the 
number of business proprietors give some 
indications of the curernt levels of such 
key personnel in the system. A more 
than proportionate increase in the ratios 
in these occupational categories to overall 
levels of employment in the period of 
projection will necessarily need to be in- 
corporated into the estimates. How 
realistic such projection estimates can be 
must depend on the degree to which the 
bottleneck in the development of high 
level personnel is likely to be broken by 



programs currently underway and in 
prospect of development. 

36. The volume of secondary support- 
ing levels of technicians, foremen and 
skilled workers can be calculated partly 
on the bases of the educational, technical 
and vocational school systems output, and 
partly on the current practices of the vari- 
ous industrial sectors in developing their 
own skill resources. (In some areas the 
ratios or ranges of supporting skills can 
be obtained by comparative reference to 
developments elsewhere, for example, the 
number of medical technicians, nurses, 
etc. per 1000 hospital beds, the number of 
surveyors and field crews per 100 kilo- 
meters of road construction, etc.) Sam- 
ple studies of establishments, staffing 
patterns, recruitment policies, on-the-job 
training, and promotion policies as sug- 
gested earlier, will also provide clues to 
the extent to which the industrial sectors 
are able to develop the numbers and 
types of supporting skills needed to main- 
tain the balanced employment structures 
needed for improved productivity and 
economic progress. 

37. The measurement of the availabili- 
ties and requirements by industrial sec- 
tor and/ or occupational group for the 
periods considered in the manpower as- 
sessment will serve to indicate the degrees 
of balance or shortage which might 
broadly be anticipated. The nature of the 
actions designed to resolve the discrepan- 
cies should follow in the form of man- 
power plans and programs, both short 
and longer range. These should be or- 
ganized and carried out by the govern- 
ment agencies concerned with those spe- 
cific areas of activity, preferably under 
the coordination and general guidance of 
a central planning agency with proce- 
dures for continuing program review, 
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evaluation and possible modification in 
accordance with the dynamics of the 
changing economic environment. 

Part II — Manpower Assessment 
in Turkey 

38. Turkey illustrates the general po- 
sition taken in the previous section of the 
article: methodology in manpower assess- 
ment follows the purposes of such assess- 
ment, characteristics of the country and 
availability of data. There are also some 
special factors including the background 
and interests of the people doing the 
assessment. 

39. In Turkey, the assessment has been 
done almost entirely in the State Plan- 
ning Organization, and consists of long- 
range projections of labor force, man- 
power requirements and educational tar- 
gets. Currently, at the stage of filling in 
gaps by more intensive analysis, other 
agencies such as the Employment Service 
and the Bureau of Educational Research 
and Evaluation of the Ministry of Edu- 
cation are being enlisted in the effort. 
The assessment has been strongly influ- 
enced by Turkey’s participation in the 
Mediterranean Regional Project, “Targets 
and Programmes For Education and 
Priorities For Specialized Manpower in 
Relation to Economic Development”, 
sponsored by OECD. Advisors of ILO 
and AID have had some influence on the 
assessment. The manpower study by 
Italy’s SVIMEZ 2 served as a model for 
the early analysis, but basically the analy- 
sis bears the stamp of the staff in the 
Social Planning Department of the State 
Planning Organization, and the relation 
of manpower planning to the general 
character of Turkey’s Long Range De- 
velopment Plan. 



40. Manpower and Educational Policy 
in the Plan. Turkey has a Five-Year 
Plan in a 15-year perspective. In addition 
to general objectives of improved living 
standards and social conditions for the 
people, there are specific policy statements 
covering the development of adequate 
trained manpower for the needs, of the 
plan, and the employment of unused man- 
power. In relation to the first objective, 
the main purpose of manpower assess- 
ment is to show future requirements for 
trained manpower and the educational 
and training capacity needed to meet 
these requirements. With respect to the 
second objective, the purpose of the assess- 
ment is to show the relation between 
growth of labor force and probable em- 
ployment, as a guide to measures for 
counteracting unemployment and under- 
employment. 

41. In these respects Turkey does not 
differ fundamentally from a number of 
other developing countries, but the points 
of emphasis and the nature of the analysis 
have some unique characteristics. For 
one thing, Turkey has, perhaps more than 
most developing countries, the contrast 
between “modern” and “traditional” so- 
cieties. Turkey, as a member of NATO 
and OECD, and a prospective associate 
member of the European Common Mar- 
ket, is committed to participation in both 
modern technological development and 
the secular culture of the West. At the 
same time, the peasants of the Anatolian 
Plateau village, the wandering seasonal 
workers of the eastern Black Sea region 
or the Adana Plain (S.E. Mediterranean) 
area (and even many residents of towns 
and cities) are part of an ancient tradi- 
tional society. 

42. This situation, along with the prob- 
lems related to rapid population growth, 
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have sharpened Turkey’s dilemma with 
regard to employment policy. On the 
one hand, there must be a quick and sub- 
stantial increase in labor productivity in 
export and “import substitution” indus- 
tries in order to improve the balance of 
payments situation and prepare the way 
for association with the Common Mar- 
ket; on the other hand, there is a need to 
utilize idle manpower and to emphasize 
labor-intensive production to the maxi- 
mum extent feasible. 

43. This dilemma is reflected in the 
approach to manpower assessment The 
analysis of industrial and service sector 
manpower is based on the need to in- 
crease the supply of trained manpower 
at a rapid rate; the analysis of agricul- 
tural and rural manpower is based pri- 
marily on seeking means of utilizing sur- 
plus manpower. 

44* Availability of Data. Turkey is in a 
middle position for developing co untri es 
with regard to manpower data. Popula- 
tion census data, while of questionable ac- 
curacy in some cases and late in tabula- 
tion, is rather sophisticated with regard 
to labor force and employment data. 
Among the weaknesses of the census ma- 
terial are the over-estimate of the eco- 
nomically active population in the rural 
areas, an apparent underestimate of un- 
employment, and the lack of detailed 
cross-tabulation of occupations by eco- 
nomic activity. The census occurs in five- 
year intervals, and there are no reliable 
labor force or employment data in the 
interim. Full tabulation of the 1955 
census was not available until early 1962, 
and the date of availability for the i960 
census is indefinite. In addition to the 
census, there are partial data on employ- 
ment in non-agricultural activities from 
such sources as workers’ insurance rec- 
ords, industrial surveys and Employment 



Service activity reports. For agriculture, 
which accounts for 75 percent of the labor 
force, manpower data are scarce indeed. 

45. Methodology in Turkey's Man- 
power Projections. The long-range pro- 
jections for manpower and education have 
been based on a survey and analysis of 
existing data by the State Planning Or- 
ganization, and methods are described in 
a document entitled “Methodological 
Outline of the Manpower and Education 
Aspects of the Plan, May 1962”. From 
this report the following paragraph is 
quoted to indicate purposes of the 
analysis: 

“The purpose of this survey is to: (a) 
project the cctal employment that will be 
created by the expected development 
during plan periods as the basis of em- 
ployment policies; (b) forecast the de- 
mand for various categories of skills; (c) 
set-up targets for the mechanisms of 
supply (educational institutions, training 
within industry, etc.) in order to avoid 
shortages of skills which may be an im- 
portant bottleneck in the implementation 
of the plan; (d) prepare a framework for 
an integrated plan for education and 
training considering the interrelation be- 
tween various types of schools in terms of 
quantitative adjustments, time lags, , 
teacher supply and cost estimates.” 

46. The first step was to take “inven- 
tories” of the labor force and its distri- 
bution for the years 1955, i960 and 1962. 
For 1955 the population census was the 
source of data, and a cross-tabulation in 
medium detail of labor force by occu- 
pational groups and economic activity 
was available. Occupations were grouped 
into seven functional categories. 3 

47. The i960 and 1962 inventories 
were based primarily on data from a one 
percent sample tabulation of the i960 
census, with projections for 1962. De- 
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tails were supplied by projection from 
r 955 census. These were checked and 
corrected by reference to industrial census 
data for 1 95 8- 1 959, a register of estab- 
lishments of the Ministry of Industries, 
and a special survey by the State Planning 
Organization in the State Economic 
Enterprises. 

48. Manpower demand for future years 
for industry and services is based on the 
concept of “Elasticity of Labor D em and 
in Respect to Production”. For manu- 
facturing the ratio of employment to pro- 
duction, and for construction, the ratio 
of employment to investment was used. 4 

49. Agricultural employment estimates 



were made on a different basis, related to 
population growth. It is assumed that 
the agricultural labor force will increase 
slowly and for the most part, expanded 
output will only absorb present disguised 
unemployment. Excess beyond this 
would migrate to the towns and cities. 
Requirements for certain types of profes- 
sional and technical personnel to be em- 
ployed in agricultural programs (e.g. 
research and extension) were included in 
the industry-services category. 

50. Education Requirements. To. be- 
gin with, manpower requirements were 
related to educational levels and types ac- 
cording to the following table: 



Table i. The interrelationship between functioned categories and educational 

categories 8 



Educational categories 
General higher education 
Technical higher education 
Technical teacher training schools 
Teacher training schools 



Functional categories 

Administrators and entrepreneurs 
Professional personnel 



Teacher training schools (primary) 
Technical schools at the lycee levels 
Professional lycees 



Technicians 



Lycees 

Secondary schools 
On-the-job training 



Supply for higher schools 



Foremen and skilled labor 



51. The number of graduates of each 
level and type school was estimated for 
future years. Additional capacity to be 
added to meet manpower needs was esti- 
mated for each type and level of school. 
In addition to the direct requirements 
for these types of trained personnel, the 
capacity of elementary schools to meet 
the goal of universal primary education 
was added. Details were adjusted for 
attrition and for increased teacher de- 
mand to iihprove the present teacher- 



student ratios. Finally, costs were esti- 
mated, both for investment and current 
expenditures, to provide the new educa- 
tional capacity. 

52. It is assumed that skilled workers 
and 90 percent of foremen in industry 
will be trained on the job. 

53. Estimates of Labor Force, Unem- 
ployment and Underemployment. Esti- 
mates of “disguised unemployment” in 
agriculture were made by calculating the 
number of man-days required each month 
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for various crops and animal husbandry, 
and comparing these with the total num- 
ber of workers in the agricultural labor 
force. This showed a large seasonal vari- 
ation in labor requirements, and even at 
peak season a surplus of labor supply. 

54. Estimates of current unemploy- 
ment in non-agricultural sectors have 
been difficult to make. The population 
census figure of a few thousand unem- 
ployed is considered unrealistically low. 
Reports of applicants at the employment 
service for whom jobs cannot be found 
cover only a small fraction of the labor 
market For this reason estimates of un- 
employment have been based on efforts 
to gauge the gap between estimated labor 
force and estimated employment Labor 
force estimates stem from population 
analysis and projections by age and sex. 
Certain assumptions were made about 
labor force participation rates of malw 
and females of working age. Employ- 
ment forecasts are from the same sources 
as described in preceding sections. The 
gap between labor force and employment 
is considered to be “potential unemploy- 
ment”. 

55* Detailed Studies. Following the 
completion of these global forecasts, the 
State Planning Organization has spon- 
sored detailed studies of manpower sup- 
ply and demand for selected priority in- 
dustrial sectors (e.g. basic chemicals, iron 
and steel) and for scientific, technical, and 
managerial personnel in all sectors. The 
supply-demand surveys are preceded by 
development of standard occupational 
titles and descriptions corresponding to 
the International Standard Classification 
of Occupations. 

56. Evaluation. The problem of Tur- 
key’s manpower assessment is that the 
methods are more refined than the data 
which are frequently limited in coverage^ 



detail, and recency. The results, there- 
fore, give an appearance of precision 
which could be misleading. This is, per- 
haps, inevitable when producing quanti- 
tative forecasts to fit the framework of 
a development plan. In any case, the 
emphasis given to the manpower factor 
in Turkey’s Plan is commendable. 

57 ~ Th c methodology is generally con- 
sistent with recent practice and guidelines 
of ILO, OECD, and American special- 
ists. In the application, there are some 
doubtful assumptions, largely because of 
the lack of data or the uncertain accuracy 
of the data which are available. In pro- 
jecting the size of the labor force, the 
main problem is that past censuses have 
overcounted the number of females in 
agriculture who are economically active. 
Also starting the age of the labor force 
at 15 is unrealistic for Turkey. It should 
be as low as 12 or even 10. In the em- 
ployment projections, reliance has been 
placed on elasticities of employment in 
relation to production (investment in the 
case of construction), based on European 
nations’ experience and with limited ref- 
erence to post war trends in Turkey. The 
trouble is that the figures for past trends 
are not very reliable; further, that the 
historical situation in most of Europe is 
not necessarily applicable to near future 
conditions in Turkey. The result may 
be an unrealistic forecast of the employ- 
ment level.'' 

58. In the estimate of unemployment, 
both the data and the assumptions are 
subject to reservations. This has been 
pointed out in the first part of this paper 
with reference to the measurement of the 
effective labor force, the overestimate of 
female participation rates and some par- 
tial treatment of agricultural under em- 
ployment in the framework of regular 
employment. An additional assumption 
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that requires considerable validation is 
the matching of educational system grad- 
uate output with the quantitative require- 
ments for technical, skilled and related 
occupations in attempting to equate sup- 
ply and demand magnitudes in those 
broad occupational categories. 



59. On the whole, Turkey’s technicians 
have done well with the data at hand, and 
are themselves aware of the weaknesses. 
They also are making efforts to obtain 
improved data in the future and are con- 
tinuing to re-examine the assumptions 
and conclusions. 



FOOTNOTES 

1 The latest censuses furnish limited information on work activities of those age 
6-14 but do not count them in the official work force totals. 

a Trained Manpower Requirements for the Economic Development of Italy, Asso- 
ciation for the Industrial Development of Southern Italy, Rome, (196I). 

* Managers and administrative personnel 
Professional personnel 
Technicians 

Clerical and sales personnel 
Foremen 
Skilled labor 
Unskilled labor 

4 “Elasticity” coefficients ranged for 0 4 to 0.9 for various industry sectors. Esti- 
mated productivity increase in industry is 2.2 percent annual for the years 1963-67; 
2.8 percent for 1968-72; and 3.3 percent for 1973-77. 

* Turkey's Manpower Requirements and Education Targets, 1962-1977. State 
Planning Organization, Ankara, (May 1962.) 
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innovations. Schumpeter wrote at a time 
when most entrepreneurial performance 
was in the hands of private individuals, 
and government and private bureaucra- 
cies still played a relatively limited part in 
the running of economically significant 
enterprises. In the past 50 years, how- 
ever, the corporation and other highly 
structured public units perform more and 
more of the main entrepreneurial func- 
tion in countries whose economy is tra- 
ditionally based on free enterprise. In 
socialist countries public officials working 
in government enterprises or government- 
controlled corporations may carry the 
entrepreneurial function; in the develop- 
ing countries government officials may 
control some important branches of pro- 
duction. Hence, the individual, “irra- 
tional”, visionary enterpreneur whom 
Schumpeter saw as the main carrier of 
economic progress has been largely re- 
placed by a private or public “business 
leader * whose action may be based on 
known and predictable principles, whose 
risk has been greatly reduced, and whose 
activities are supported by a large cor- 
poration or a governmental agency. 
These functions have become so routine 
that the performance of the typical entre- 



1. Much has been written on entre- 
preneurship in the literature concerning 
economic growth, and this variable cus- 
tomarily is designated as a pertinent fac- 
tor in economic development. Although 
there have been case studies of the emer- 
gence of entrepreneurship in several de- 
veloping countries, generalizations on 
entrepreneurial roles and contributions 
have been rare; there is even some un- 
certainty as to the proper definition of 
the concept. This paper suggests some 
general principles relating to the perform- 
ance of entrepreneurial functions in the 
process of economic growth, in general, 
and in the developing countries, in 
particular. 

2. The definition of entrepreneurship, 
as of many other concepts in economics, 
does not lend itself to uniformity. Entre- 
preneurs are classed by some pr imar ily 
as innovators; others regard them as man- 
agers of enterprises, and bearers of risks; 
some place major emphasis on their func- 
tions as mobilizers and allocators of capi- 
tal. Joseph Schumpeter, in 1912, ex- 
pressed the view that the specific role of 
entrepreneurs is in the carrying out of 
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preneurial functions stipulated by Schum- 
peter has become either impossible or 
superfluous. 

3. The concept of entrepreneurship as 
advanced by Schumpeter has been modi- 
fied in light of the developments in the 
last few decades, especially in Asian and 
African countries. Most of the business 
leadership in these countries is, or may be, 
carried out by managers of large private 
or public enterprises, or by small or me- 
dium-scale entrepreneurs. Scarcely any 
of these are innovators in the Schumpeter 
sense. The technology applied is usually 
borrowed from abroad. The legal and 
marketing practices are generally adapta- 
tions from more economically advanced 
countries. Often the commodities pro- 
duced are imitations of the consumer 
goods of the more advanced nations. 

4. In view of these considerations, it 
is necessary to modify Schumpeter’s de- 
scription of entrepreneurship and en- 
trepreneurial functions. The person who 
typically performs this function in de- 
veloping countries today may be either 
a manager or one who adapts the ex- 
perience of others in production methods, 
sources of supply, and markets to con- 
ditions prevailing in newly developing 
countries. In the subsequent discussion, 
we will be concerned primarily with in- 
dividuals who are active as business lead- 
ers in the private sector. The facts of 
economic development in Asia and Africa 
seem to indicate that an important role 
in this process may be played by private 
entrepreneurs in small and medium-scale 
plants, provided a private enterprise sec- 
tor is at all in existence. In addition, 
there must be within the framework of 
government plans for economic develop- 
ment some intention to develop “mixed 
economies” in which business and pri- 



vate enterprise combine for the improve- 
ment of the economic welfare. 

5. In short, we are concerned with pri- 
vate entrepreneurs who are active in the 
small and medium-size industrial, com- 
mercial, and financial enterprises which 
are appearing or will appear in the 
economically less developed nations. 
Many of the entrepreneuriai characteris- 
tics will also apply to persons in posi- 
tions of business leadership in the public 
sector. In some cases the differences that 
result from the different responses of the 
private and public business leaders will 
be pointed up. 

6 . It may be useful to cite a few figures 
ino.cating the general significance of 
small and medium-scale private entre- 
preneurs in the process of industrializa- 
tion and general economic growth in 
developing countries. If we classify in- 
dustrial establishments in terms of the 
number of workers employed and as- 
sign enterprises employing fewer than 
50 persons to the class of small and 
medium-scale plants, we find the follow- 
ing data from the economic experiences 
of some Western European countries: 
in Austria, in 1930, 57.7 percent of the 
total labor force in secondary production 
(manufacturing, mining, and construc- 
tion) worked in firms employing fewer 
than 50 workers. The corresponding 
figures for other countries were as fol- 
lows: in France, in 1906, the percentage 
was 70.6; in Germany, in 1907, it was 
54.5; in Switzerland, in 1955, it was 43.7; 
and in Norway, in 1953, it was 51.3. 
From these figures it becomes apparent 
that small and medium-sized plants have 
played an important part in industrial 
countries, and that even long after the 
onset of the industrialization process the 
majority of workers in secondary produc- 
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tion were employed in these “small” 
firms. The corresponding proportions 
for commercial activities, especially re- 
tail trade, and for financial activities, 
except investment banking and modern 
types of insurance, are probably much 
higher than those in secondary industries. 
In brief, the small and medium-scale 
firm can be said to have played an im- 
portant part in the more highly developed 
countr.es and may be expected to play 
an important part in the process of 
economic growth in the development 
countries. 

7. But there are still other reasons em- 
phasizing these enterprises in developing 
countries, especially those with dense 
populations and large labor supply. It 
is quite customary, when we think c* 
industrial development in the new na- 
tions, to evoke the picture of a large scale 
industrial plant; e.g., in steel or cement 
production. But the existing markets, 
demand patterns, and conditions of com- 
parative advantage in developing coun- 
tries are such as to make the establish- 
ment of small plants, mainly producing 
light consumers’ goods, most attractive. 
Hence, industrialization must be thought 
of in the next two or three decades not in 
terms of new Pittsburghs or Birming- 
hams in the developing nations of Asia 
and Africa, but rather as a process in 
which small capital is allocated in various 
industrial and commercial fields. Al- 
though these units may increase in size, 
they will remain — from a world point of 
view — fairly small, or at best medium- 
size i, in their fields of economic activity. 
The reason for this stems from the very 
different relative supply of labor and 
capital, and particularly from the fact that 
capital to be invested on a long-term 
basis is in very short supply and often 
unavailable through the ordinary chan- 



nels. In other words, banks will ration 
credit to small entrepreneurs who wish to 
grow rapidly. Many enterprises may 
have to begin with meager capital funds 
and grow only to the extent to which they 
can reinvest their profits. In the indus- 
trial field the certainty that small and 
medium-scale enterprises in the develop- 
ing countries will persist must be taken 
into account. In the light of Western 
Europe’s historical experience entrepre- 
neurs on the small and medium scale will 
have important roles for several decades. 

8. Up to this point no distinction has 
been drawn between the different areas 
of economic activity in which entrepre- 
neurship is exercised. Moreover, in the 
literature of entrepreneurship little or no 
distinction has been made usually among 
the fields of entrepreneurship. Yet, a 
superficial study of business leaders in 
many developing countries shows that in- 
dustrial entrepreneurship falls hr short 
of the degree to which commercial and 
financial entrepreneurship flourishes. 
Why do we find in so many developing 
countries no dearth of moneylenders and 
traders but so few indigenous industrial- 
ists? For example, in almost all the new 
Nations of West Africa, there are ex- 
tended networks of trade in which Afri- 
cans, persons of Middle Eastern origin, 
and other Mediterranean people partici- 
pate. Yet few of these persons engage 
in industrial pursuits. A similar situa- 
tion is noticeable in several East African 
countries and in various parts of Souffl- 
es tern Asia. Various arguments have 
been raised to explain this phenomenon. 
Foremost is the fact that local industrial- 
ists, especially in former colonial areas, 
were unable to compete with the power- 
ful enterprises set up by Europeans. A 
similar argument may be made for those 
developing countries which were politi- 
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cally independent but whose potential 
entrepreneurs faced the overwhelming 
competition of foreign investors. Most 
European foreign investments were con- 
centrated in such basic industries as min- 
ing, transport, and power, and only small 
proportions of private foreign capital 
flowed into manufacturing. A look at the 
kind of enterprises which entrepreneurs 
established in trading and moneylending 
fields shows that they were often supple- 
mentary to the similar activities of Euro- 
pean firms. The small indigenous trad- 
ers and moneylenders had to find their 
places in the unoccupied interstices of the 
economic system. They mediated be- 
tween the urban centers and the country- 
side; they provisioned small retailers; 
they serviced the financial needs of rural 
and semi-rural populations unable to offer 
bankable securities; and they distributed 
commodities on a scale that would have 
been uneconomical for the large foreign 
enterprises. 

9. Why do we not witness similar de- 
velopments in the industrial field ? Clear- 
ly we should not expect that the small 
indigenous entrepreneurs would have 
competed with the large foreign mining 
or transport companies. There were and 
are, however, numerous industrial 
branches in which ample opportunities 
exist for the establishment of small and 
medium scale plants providing for the 
role of trader and moneylender with re- 
gard to the foreign import houses, whole- 
salers and bankers. This difference in 
behavior in different economic fields by 
indigenous entrepreneurs stems from the 
fact that economic development every- 
where is tied, to a substantial degree, to 
the growth of industry. In mixed econ- 
omies industrial growth is confined to a 
few large establishments, mainly in the 
field of heavy industry. However, highly 



significant is the rapid growth of many 
small and medium-scale firms producing 
consumer goods and offering services. 
Hence, the gaining of a clearer insight 
into the different conditions under which 
industrial, as against commercial and fi- 
nancial, entrepreneurship may flourish in 
a developing country may be an impor- 
tant guide for over-all economic policies. 

10. A reason advanced for the sluggish- 
ness of industrial entrepreneurship in de- 
veloping countries turns on the talents 
required to guide an industrial enterprise. 
These talents differ from those needed for 
most successful commercial or financial 
dealings. A small trader or moneylender 
can operate successfully with only a few, 
and often without any, permanently em- 
ployed assistants, but the industrial entre- 
preneur — provided he is more than a 
craftsman or artisan — usually must hire 
men or women whose work he must or- 
ganize and guide. In short, we may 
presume that an industrial entrepreneur 
must have a broader range of abilities 
than a moneylender or trader. He must 
be a person who can lead others in a com- 
mon enterprise and he must have tech- 
nical knowledge in his branch of 
production. 

11. Another distinction between indus- 
trial entrepreneurs and financial or com- 
mercial entrepreneurs is found in the 
commitment of assets in the production 
process. A trader may carry on his opera- 
tion without ever attaining property 
rights to the object he deals with; if he is 
a broker or commercial agent, he may 
merely lose his earnings from a transac- 
tion but not the capital invested in it. In 
addition, the capital that a trader, or 
moneylender, does invest has a faster 
turnover normally than that invested in 
an industrial establishment. Moreover, 
a moneylender or banker deals in a com- 
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modity that has the widest currency, that 
is accepted by everyone, and that can be 
easily transported, hidden, or converted 
into other assets. On the other hand, an 
industrial entrepreneur usually has a 
much larger proportion of his assets tied 
up in fixed capital. He often depends 
on an imperfect market for the sale of 
his output; his profit is exposed to dan- 
gers which moneylenders or traders some- 
times escape. Other things being equal, 
the risk of transforming a given amount 
of capital into industrial assets is much 
greater than in trading or financial opera- 
tions. A commitment of one’s property 
to investment m industry normally im- 
plies a longer-term commitment, and this 
increases the uncertainty. There is less 
flexibility in an operation once capital 
has taken the form of fixed assets, and 
the prospective profitability of an enter- 
prise is more directly influenced by 
changes in taste and fluctuations in de- 
mand than is true for capital invested in 
commerce or finance. 

12 . Thus, entrepreneurship depends 
partly upon the appearance of persons 
with a psychological make-up for entre- 
preneurial activity, and partly on the so- 
cial and economic environment that 
would make it an attractive venture to 
such individuals. Since many developing 
nations wish to create a climate favorable 
for the rapid development of entrepre- 
neurship, especially industrial entrepre- 
neurship, a detailed discussion of the 
ways in which these personal and environ- 
mental conditions can be enhanced may 
be helpful. The significance of the psy- 
chological dispositions for entrepreneurial 
activity is quite clear from the preceding 
discussion. Some writers have made 
these personality factors the fully deter- 
mining conditions of economic innova- 
tions and economic growth, but this ap- 



pears perhaps too extreme a position. 
There is little doubt that features in the 
environment can be manipulated with 
much more predictable outcomes t han 
can the shaping of personality develop- 
ment. In brief, we may consider that 
certain conditions in the economy will 
make possible the successful exercise of 
entrepreneurial functions regardless of the 
relative abundance or scarcity of certain 
personality types. 

* 3 * These conditions of the economy 
may be classified as consisting, on the 
one hand, of certain forms of social and 
economic overhead capital, and, on the 
other, of certain governmental services 
which arc placed at the disposal of entre- 
preneurs. One such condition is the 
maintenance of law and order. Involved 
here are the distribution of status and 
political power, the manner in which 
power affects entrepreneurial functions 
and the business community’s part in the 
making of political decisions. A system 
of private enterprise can exist only if the 
following basic conditions in the legal- 
political field are met: 

(a) Governmental action short of 
complete non-intervention but so de- 
signed that it does not deny to private 
persons, explicitly or implicitly, any 
kind of autonomy in decision-making 
in the economic field. 

(b) A minimum provision of legal, 
and legally enforceable, institutional 
rules according to which private eco- 
nomic decisions can be made and 
implemented. 

(c) Protection of the assets owned 
by an enterprise against expropriation 
by others, and protection of the con- 
tractual relationships entered into by 
business leaders with one another or 
with outsiders. 
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14* These conditions in some historical 
situations have been forced upon govern- 
ments by the political action of business 
leaders and their political allies. The In- 
dustrial Revolution, whether it arose 
gradually through a process of legal and 
political reform, as in Britain, or was 
strongly supported by a political revolu- 
tion, as in France in 1789, generally 
altered the prevailing legal and political 
system — a lessening of arbitrary privileges 
in the economic area for the aristocracy, 
no more special treatment of certain privi- 
leged groups, wider access to the elite 
from the ranks of the business com- 
munity, and a forum (Parliament or some 
less visible arena) in which pressures by 
business leaders for legislation in support 
of their most important needs could be 
exercised. In other countries the proc- 
esses by which this greater participation 
and protection of the entrepreneurial 
community were achieved differed. In 
Germany a political alliance was con- 
cluded between the aristocratic junkers 
and the interests of industrial enterprise. 
In many of the ex-colonial countries the 
development of entrepreneurship— the 
pattern which Max Weber called “pariah 
entrepreneurship” was based largely on 
a European system of legal security and 
predictability imposed upon these coun- 
tries. In Japan, finally, this system was 
attained with a minimum modification 
of the social structure, primarily because 
the elite were persuaded to realization of 
the nation's needs and to the wisdom of 
adopting Western technology and eco- 
nomic organization. 

15* The crucial lesson of these instances 
teaches that private entrepreneurship will 
develop only if the legal order provides 
the necessary accommodation for the 
needs and protection of entrepreneurial 
activity. Accommodation must include 



not merely the promulgation of a “neu- 
tral” system of laws, but also the shaping 
of institutions through which entrepre- 
neurs can exert pressure on actions of the 
state and especially upon legislation. In 
the change, entrepreneurial performance 
may rise to a level where it can provide 
not wealth alone but also social status and 
some form of political influence. But if 
those favorable conditions are not cre- 
ated, other outcomes are possible. One 
is socialization of all enterprise, the gov- 
ernment assuming all decisions in the eco- 
nomic realm, the establishment, in short, 
of a fully planned economy after aboli- 
tion of private enterprise. A second pos- 
sibility is the establishment of a system 
of statism, such as existed in Turkey in 
the inter-War period, in which private 
enterprise nominally exists but actually 
functions under the full direction of the 
Government. A third is the neglect of 
enterprise altogether and subsequent stag- 
nation of the economy. Thus, the crea- 
tion of a “climate of entrepreneurship” 
has not only economic and social dimen- 
sions, but also a political one. 

16. In the establishment of a social 
structure conducive to the development of 
entrepreneurship, the feature of economic 
overhead capital must not be overlooked, 
since provision of this capital influences 
the development of entrepreneurship in a 
positive direction. Most important is pro- 
vision of power for industry and of trans- 
port facilities. These two are perhaps the 
most significant items in the vast variety 
of economic overhead capital whose pres- 
ence in abundance encourages the growth 
of industrial and commercial enterprise. 

It is not necessary to enlarge on the im- 
portance of power; without it modern 
productive processes are impossible. Nor 
is it necessary to expand on transport 
facilities, since their lack has severely 
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limited markets and prevented establish- 
ment of some industries. But it is para- 
mount to state that the less developed a 
region is, the greater the need for a good 
transport network. 

1 7. In this discussion of socio-economic 
environment we have moved from the 
most difficult features to the less difficult. 
The most significant and most difficult is 
the creation of an appropriate psychologi- 
cal and political structure for entrepre- 
neurial effort. Slightly less important and 
easier to provide, given the necessary fi- 
nancial resources, are facilities for power 
and transport. Easier still is the estab- 
lishment of various government agencies 
to offer, either without charge or at low 
cost, services of importance to an entre- 
preneurial community. Among these 
services are information on markets, 
sources of supply, technical innovation, 
internal organization of plants, innova- 
tions in design, and other technical mat- 
ters which the small and medium-scale 
entrepreneur in a devolping country finds 
difficult to obtain on his own. Markets 
in most developing countries are too small 
and too confined to make the publication 
of technical and marketing journals at- 
tractive. Thus, business leaders must 
and often do rely upon government for 
this information. 

18. In addition to the technical infor- 
mation of use to entrepreneurs, the gov- 
ernment may offer other services at low 
cost or as a subsidy. These services may 
include assistance with accounting, long- 
term credit, and the provision of various 
types of technical education. The need 
for such services has been widely recog- 
nized and, in several developing countries, 
appropriate institutions have been created 
to supply them. The agencies charged 
with providing the services bear different 
names, but have been designated collec- 



tively as development banks or develop- 
ment corporations. Common to all these 
development corporations is the function 
of providing credit to entrepreneurs, par- 
ticularly for long-term needs. In addi- 
tion to the credit-financing function, the 
development corporations should provide 
technical and economic information use- 
ful to new enterprises in the earliest 
stages of their activity. 

19. The development bank should have 
facilities to find out where the most suit- 
able machinery can be purchased; to sup- 
ply information on industrialists’ mar- 
kets, freight charges, insurance costs, and 
other expenses incurred in establishing 
new business. It will have better infor- 
mation than most traders. Its staff, after 
examination of production processes, can 
develop a system of accounting which 
will be relatively simple and accurate and 
will meet the needs of the entrepreneur 
at each stage of his operation. It may 
even establish a department to acquire 
machinery to sell to new firms on a hire- 
purchase f>lan. Finally, it may cooperate 
with new firms to find suitable locations 
and design work procedures and related 
patterns of practical operations which 
make for sound production and at the 
same time reduce the cost of productive 
operations. 

20. In many developing countries in 
which industrial development banks have 
been established, financing activities are 
largely confined to larger-scale enterprises. 
This is understandable. The technical 
assistance these firms need is proportion- 
ately less than that needed by smaller 
firms. In most larger estab lishme nts the 
chief assistance needed by entrepreneurs 
is long-term credit. In smaller firms the 
chief requirement is advisory services of 
various kinds, in addition to credit. Also, 
the manpower training required, al- 
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though it may be more extensive than 
training of managers of large private or 
public corporations, is oriented toward 
the economic, organizational and tech- 
nological processes on which their enter- 
prises are likely to concentrate. This sug- 
gests that the development of commercial, 
financial, «. id especially industrial entre- 
preneurship on a wider basis requires not 
only different approaches by banks and 
government information services but also 
by educational services. 

21. Successful entrepreneurship, this 
paper has argued, implies die exercise of 
leadership, maturity of character, a sense 
of security and knowledge of, or famil- 
iarity with, the skills related to the entre- 
preneur’s undertakings. The entrepre- 
neur is a man with the broad view, as 
distinguished from the technical or eco- 
nomic specialist, but familiarity with tech- 
nical aspects of production is helpful 
where it is not imperative. Here he 
differs from the expert of a large enter- 
prise who is employed for his specialized 
or technical knowledge of production, 
purchasing, labor relations or other 
limited and well-defined spheres of ac- 
tion. The entrepreneur in a small or 
medium-size plant must be more than a 
man with some knowledge of the pro- 
duction techniques employed in the 
plant; he must be also a person who 
makes the chief decision relating to sales, 
supplies, production processes, relations 
with workers and numerous elements of 
business. Primarily he must display char- 
acteristics of personality and leadership, 
the willingness to take some risks and 
the desire to perform his role success- 
fully. 

22. Because of the basic personality 
characteristics essential to leadership, the 
tiaining of the entrepreneur is of major 
significance. This is especially true in 



industry — as has already been pointed 
out— where the entrepreneur must be in- 
formed on matters relating to the tech- 
nical processes. Education and on-the- 
job training in a growing establishment 
are prime sources for the acquisition of 
this information. For example, an entre- 
preneur who wishes to start a foundry 
should be able to obtain access to an 
enterprise at home, if foundries are al- 
ready in operation there. Otherwise, he 
should visit nearby developing countries 
which have foundries. 

23. Up to this point we have been con- 
cerned with the analysis of external fac- 
tors which may influence the growth and 
encouragement of entrepreneurship in 
developing countries. In the last resort, 
the appearance of entrepreneurs is a mat- 
ter of changing human effort and human 
action. However, we must also consider 
certain aspects of recruiting and promot- 
ing a corps of entrepreneurs in develop- 
ing countries. In dealing with this prob- 
lem we are in one of the most disputed 
and uncertain areas of social research re- 
lating to developing countries. Opinions 
concerning the human factor in entrepre- 
neurship range all the way from sheer 
resignation from the impossible task of 
dealing with this factor meaningfully, to 
the other extreme of prescribing elaborate 
schooling and training programs. 

24. The psychological aspects of entre- 
preneurship have been treated principally 
by E. E. Hagen and D. C. McClelland, 
each stressing somewhat different char- 
acteristics. In brief, the generally ac- 
cepted viewpoint on the psychological 
dimension in entrepreneurial action may 
be summarized as follows: The industrial 
entrepreneur, and in fact, the innovating 
entrepreneur in general, is a distinct per- 
sonality type. He must be persuaded that 
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change can occur and that it can be 
brought about by individual action. He 
also must be motivated to bring about 
this change by his own activity. This is 
why — as we have maintained earlier — 
the general standards of a society must 
allow persons with newly acquired wealth 
some access to power or prestige. If over- 
whelming social obstacles shut these re- 
wards off from entrepreneurial action, 
persons with the appropriate personality 
disposition will fail to function success- 
fully, will seek other careers or quit the 
country. 

25. This sketch of the psychological 
conditions of entrepreneurship has fol- 
lowed largely in the footsteps of Schum- 
peter and those influenced by his views 
on the role of innovating entrepreneurs 
in. economic development. The argu- 
ment raised by Hagen and McClelland 
turns on the view that economic growth 
will occur only if individuals with char- 
acteristic entrepreneurial personalities ap- 
pear in sufficient number; that is, if the 
appropriate motivations affect not merely 
a few persons, but penetrate deeply into 
all layers of society. According to this 
theory, the appearance of entrepreneur- 
ship on a mass basis can be explained as 
the result of two factors. First, it flows 
from a special historical situation in which 
new paths to higher social status are 
sought through economic achievement. 
Second, it is the result of the appearance 
in a society, with more than ordinary 
frequency, of persons with special per- 
sonality traits; i.e., persons with unusu- 
ally high achievement motivation. 

26. McClelland and his students have 
shown that such persons existed at vari- 
ous periods in history when societies did 
undergo rapid economic development, 
and that not only these persons but the 
whole value system of the societies adopt- 



ed a more intensive preoccupation with 
achievement. This group of scholars 
also has shown that the drive of these 
persons is a result of their family rear- 
ing. But the very fact that a substantial 
number of entrepreneurs appeared in so- 
cieties in which a short time ago little 
or no such talent seemed to be available, 
makes one suspect that individuals with 
the required ambitious drive exist in all 
human societies, though they may not 
always make their impact felt with the 
same intensity. If economic development 
and industrialization are planned as goals 
of a society as a whole, would-be entre- 
preneurs will step into a very different 
environment from that which prevailed 
in the historical epochs which McClel- 
land and his students, Hagen, and even 
Schumpeter have investigated. 

27. In the developing countries we 
meet nations which have written the 
slogan of economic growth on their ban- 
ners and are prepared to provide the 
most extensive accommodation to per- 
sons who wish and who can step into 
positions of entrepreneurship. Moreover, 
from the great number of traders scat- 
tered about the urban and rural areas 
of almost all developing countries, we 
may deduce that individuals who exhibit 
achievement-oriented personalities are 
available in developing societies. What 
is required is not so much the creation 
of new personality types, but rather the 
opening up of opportunities in the so- 
cial, economic, and political environment, 
in the scale and impact of government 
services, and in the intellectual equip- 
ment and training of the persons 
concerned. 

28. The application of rational prin- 
ciples of planning to the fostering of 
economic growth will usually be reflected 
in a mixed-economy; i.e., one in which 
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both government and' private enterprise 
undertake parallel and combined efforts 
for the over-all economic growth of the 
nation. This pattern of cooperation and 
division of functions is appropriate to 
developing countries, because an under- 
developed economy cannot afford to be 
doctrinaire. It faces serious shortages 
of all kinds and it must, in order to ex 
perience economic growth, confront the 
serious business of getting things 
done — getting capital accumulated and 
invested in the most useful directions 
for economic growth. Given wide- 
spread backwardness among large 
masses of the population and urgent de- 
sire for economic development, the lead- 
ership of the government is essential to 
an economy which otherwise might re- 
main almost completely stationary. This 
cooperation between public and private 
interests may have two results: on the 
one hand, all available means must be 
employed to encourage and enhance the 
rate and amount of savings in the econ- 
omy, and, on the other, the most ef- 
ficient channels must be used to allocate 
these savings among those branches of 
production in which the over-all net re- 
turn to the economy will be greatest. 
It is within this context that a centrally 
prepared plan has manifold uses, and ii 
such a plan is well conceived and based 
upon the existing moral and political 
rules of the society, it may have a crucial 
influence in the growth of the economy. 
But if the general moral and political 
rules of a nation recognize the right 
and, in fact, the necessity of private enter- 
prise, the plan will be successful only if 
it makes due allowance for the exercise 
of private initiative in all or a large num- 
ber of fields of economic action. 

29. That it is possible to combine an 
over-all economic development program 



with the simultaneous encouragement of 
private enterprise and the fostering of an 
entrepreneurial class is abundantly dem- 
onstrated in the many cases on record in 
both developed and less developed na- 
tions. This does not mean that frictions 
will not arise between the business com- 
munity and the planners. There will be 
conflicts over the merits of short-term 
gains as against maximum long-term 
growth rates; the division of decision- 
making functions between public and 
private agencies; the precise limits of what 
industrial functions should be reserved to 
the government. Though — as was 

pointed out earlier — the business leaders 
will want and must get some access to 
the realm of political decision-making, 
they must learn, on their part, that a 
governmental development plan is not 
an instrument which robs them of all 
freedom of action. It merely designates, 
from the point of view of over-all eco- 
nomic considerations embracing the so- 
ciety as a whole, the paths of progress and 
the primary patterns of investments 
which are considered most conducive to 
progress in the economic performance of a 
society. This will imply regulations and 
even restrictions on the free exercise of 
entrepreneurship but may nevertheless 
conform to the long-run interest of many 
entrepreneurs, since in many developing 
countries the differences between social 
costs and benefits, on the one hand, and 
private cost* and benefits, on the other, 
are often substantial. 

30. These remarks are intended to re- 
confirm the fact that entrepreneurship 
can play a vital role in a planned economy 
of a developing country, provided the 
development plan is drawn up in such a 
way as to provide room for the operations 
of private entrepreneurs, and provided 
these entrepreneurs are not dismay d or 
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frightened from making independent de- 
cisions even though many decisions relat- 
ing to production and investment are re- 
served for, or regulated by, government. 
It is quite conceivable that the mixed 
economy as it takes shape in many devel- 
oping countries, may grow gradually into 
a new form of “economic system” with its 
own distinctive characteristics, one of 
which would be collaboration between 
public officials and private entrepreneurs 
in the development of the economy. The 
ultimate outcome most highly prized by 
both public officials and business leaders 
in a developing nation is economic de- 
velopment. Growth and improvement 



in the performance of the public sector 
stimulate demand for the output of pri- 
vate entrepreneurs. Also increase in out- 
put and improvement in the quality of 
goods and services supplied by private 
firms adds to the standard of living and 
the material welfare of the population at 
large. Hence, from a secular viewpoint 
the interests of government, of the newly 
emerging entrepreneurial class, and of the 
mass of the population in a developing na- 
tion are closely parallel. The main prob- 
lem is to find a formula by means of 
which this parallelism of interests can be 
put into effect with least friction and 
greatest likelihood of success. 
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i. The importance of public manage- 
ment to national development is less gen- 
erally appreciated than some other devel- 
opmental prerequisites. Good public 
management, nevertheless, is vital to de- 
velopment. If other prerequisites are 
present to a sufficient degree, and if public 
management is generally good, then there 
will be developmental progress. If, how- 
ever, other prerequisites are present but 
public management is poor, there will be 
appreciably less progress and perhaps 
none at all. 

a. Public management is concerned 
with the way in which government is 
organized, staffed, equipped, and sup- 
plied; the manner in which programs are 
planned, financed, executed, and re- 
viewed; and with the procedures, systems, 
and methods employed in accomplishing 
work. 

3. Good public management would be 
characterized by a governmental establish- 
ment in which appropriate functions of 



government were fully represented and 
systematically arranged in the structure 
of government. Functional assignments 
to governmental agencies would recog- 
nize the importance of the private sector 
of the economy and provide for its stim- 
ulation and control. Enterprises that 
could be effectively developed under pri- 
vate ownership and management would 
be excluded from the governmental struc- 
ture. Lines of authority and responsibil- 
ity would be clearly delineated through- 
out the governmental organization; and 
means of executive communication and 
coordination would be well developed. 
Staff services to management and facilita- 
tive services for line operations, including 
financial administration and accounting, 
planning, budgeting, personnel adminis- 
tration, and procurement and supply serv- 
ices would also be well developed. Con- 
tinuing attention would be given to work 
procedures, systems, and methods in 
order that public business could be per- 
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formed expeditiously and economically 
by well-trained public servants. An effec- 
tive field organization and local govern- 
mental institutions for carrying govern- 
mental services and activities to the grass 
roots of the country and population 
would exist. 

4. Few governments can boast excel- 
lence in all of these areas, particularly 
governments of less developed countries. 
Public management capacity of such 
countries ranges widely: from some of 
the newborn nations that inherited little 
from their prior status in terms of public 
management experience to countries that, 
by virtue of their own history and devices 
or prior colonial status, attained a more 
sophisticated public establishment. 

5. An approach to public management 
improvement in a developing country 
should be tailored to fit the prevailing 
situation. A comprehensive approach 
would be indicated for countries where 
public institutions were poorly defined 
and developed, while dealing with spe- 
cial, identifiable problems might suffice 
for more highly developed governments. 
It is important, however, that manage- 
ment improvement be undertaken with 
sufficient vigor and on a sufficiently broad 
base; otherwise, there may be no man- 
agement improvement, with consequent 
weakening of national developmental 
efforts. 

6. A comprehensive approach to man- 
agement improvement would be char- 
acterized by the following. With full 
political backing, the highest executive 
authority of a country would order a 
broad administrative survey of the en- 
tire executive establishment. This sur- 
vey, undertaken with expert assistance, 
would be similar in its purposes to the 
studies undertaken in Puerto Rico dur- 
ing the 1940’s with such notable subse- 



quent effect. The survey would ascer- 
tain the structure of government as it 
exists and, broadly, its proficiencies and 
deficiences. In consonance with antici- 
pated governmental requirements the 
survey report would recommend im- 
proved functional alignments, the estab- 
lishment of needed new agencies and as 
desirable, the consolidation or elimination 
of some existing agencies. If staff and 
service functions were poorly developed, 
the survey report would endeavor to 
place such activities in perspective as aids 
to good management and to seek to insti- 
tutionalize means for their coordination 
and control. It should also seek to in- 
stitutionalize, at an appropriately high 
governmental level, a unit to provide con- 
tinuing attention, leadership, and stim- 
ulation to management improvement. 

7. The initial administrative survey 
should be related to appropriate elements 
of the nation’s developmental plan, if 
any, or to any planning studies and projec- 
tions made, especially those related to 
public finance, education, manpower de- 
velopment, and training. If such studies 
had not been originated, they might con- 
stitute companion inquiries to the ad- 
ministrative management survey. To the 
extent possible, the survey report and 
recommendations should be realistic and 
realizable in terms of the government’s 
future financial and staffing capabilities. 

8. The report should be accorded ex- 
ecutive and political attention consistent 
with its importance. Some of its more 
fundamental elements would require 
legislative action for effectuation; other 
parts should be permitted the flexibility 
inherent in installation pursuant to ex- 
ecutive order. For example, the broad 
new framework of government would 
probably be prescribed in law; but de- 
tails of internal organization and admin- 
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istration should be reserved to executive 
direction, implementing orders should 
be accompanied by realistic timetables for 
accomplishment, and executive machin- 
ery should be established to assist, facil- 
itate, and review progress toward stated 
objectives. A prime requisite to a suc- 
cessful program would be the selection 
of capable key officials to direct major 
organizational units. The chief execu- 
tive should exercise much care in this 
selection process. Should it be neces- 
sary to appoint individuals of insufficient 
professional background for some posts, 
it might be desirable to backstop them 
by engaging professional caliber advisors. 
An intensive executive training program 
at this level in the governmental 
heirarchy should be undertaken leading 
to early sufficiency in terms of managerial 
capacity on the part of key officials. 

9. The assignment of a portfolio to 
each key official should be accompanied 
by an outline program for management 
improvement in his assigned area. Over 
the years, but with review of accomplish- 
ments as aforementioned, the key execu- 
tive and his staff would be expected to 
bring substance and vigor to the assigned 
management improvement outline. 

10. Operating agencies might occasion- 
ally or frequently need technical assist- 
ance in matters associated with their oper- 
ational programs. Such assistance 
should be directed principally toward in- 
stitution building and training within 
the developing organization, and less 
toward performing operational work for 
the agency. It would be entirely proper 
for outside technicians to work side by 
side with local technicians as a means of 
training; and some demonstration proj- 
ects would also be desirable. But whole- 
sale reliance upon outside technicians to 
perform work that is properly the host 



government’s would not contribute to in- 
stitution building. 

11. Some priority in the management 
improvement program should attach to 
developing staff and facilitative service 
functions within the government. These 
functions, including planning, budgeting, 
financial administration and accounting, 
personnel administration, and procure- 
ment and supply administration affect 
and involve all governmental elements. 
Each requires effective central coordina- 
tion if the government is to function 
smoothly; but each also requires adequate 
technical performance on the part of oper- 
ating departments in work related to the 
particular staff or facilitative service func- 
tion. It would be well to develop at an 
early date capable central agencies to co- 
ordinate activities in each of the named 
specialized functional areas. These cen- 
tral agencies would then be able to pro- 
vide stimulation, leadership, and guidance 
to operating departments in matters re- 
lated to their specialty. Also, as these 
central agencies matured they could make 
available, through transfer, trained plan- 
ners, budget analysts, accountants, per- 
sonnel technicians, and procurement spe- 
cialists to serve in operating departments. 

12. Management improvement and at- 
tention to administrative problems and 
their solution, is a never ending task of 
good government. It is not sufficient to 
develop a plan for governmental reorgani- 
zation and management improvement. 
The planning process must be superseded 
by continuing administrative analysis and 
action if the planned program is to be- 
come a reality. 

13. The central staff agencies men- 
tioned above, when organized, could do 
much to bring about orderly processes 
within their respective spheres of techni- 
cal competence. Operating agencies, too, 
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as they developed, and as their staffs be- 
came better trained and more proficient, 
would be better able to cope with and 
solve management problems. But both 
staff and line agencies would require stim- 
ulation, counsel, and support in relation 
to management improvement. In short, 
the management improvement program 
should have leadership, coordination, and 
a central reservoir of expert assistance. 

14. For these purposes many govern- 
ments have found it desirable to establish 
still another kind of staff unit. Such 
units may be called by a variety of names: 
Office of Administrative Management, 
Organization and Methods Division, or 
Office of Administrative Research. Re- 
gardless of the name, the unit should be 
located organizationally at an appropri- 
ately high governmental level, perhaps in 
the central budget bureau or in the office 
of the government’s chief executive. Its 
functions would be: to coordinate and 
oversee installation of the broad reorgan- 
ization and management improvement 
plan; to keep such plan current with gov- 
ernmental growth and changing needs; 
to perform detailed administrative plan- 
ning supplementary to the broad im- 
provement program; to conduct organiza- 
tion and methods studies; and especially, 
to foster, promote, and facilitate the de- 
velopment of a growing competence on 
the part of all governmental departments 
to attack and solve their own administra- 
tive problems. 

15. It would be well if such a unit 
could be organized in conjunction with 
the original management survey of the 
government — its staff working with or 
as members of the management survey 
team. This would afford excellent train- 
ing for the unit's staff, which would prob- 
ably be, at first, inexperienced in admin- 
istrative management Whenever it is 



organized, be it at this early stage or 
later, the unit should seek to secure the 
best qualified personnel obtainable as 
management analysts. Prior training in 
public administration would be highly 
desirable if not essential, and supplemen- 
tary training in accounting and statistics 
would also be beneficial. 

16. Upon the unit’s organization, orig- 
inal staff members should be given inten- 
sive training in organization and methods 
work; and this course should be updated 
and repeated for subsequent staff acqui- 
sitions. Courses covering details related 
to organization and methods techniques 
should also be given from time to time. 
This more formalized training should be 
supplemented by practical field experi- 
ence on studies conducted by the central 
management unit. As operating depart- 
ments acquire organization and methods 
technicians of their own, they should be 
encouraged to participate in the training 
program of the central management unit 
The endeavor should be to develop not 
only a cadre of capable technicians for 
the central management unit, but also to 
develop the capacity of line departments 
to perform organization and methods 
work of their own. Some interchange 
of technical personnel between the cen- 
tral unit and line departments could have 
a beneficial effect 

17. It is important that the central 
management unit establish a good library 
as a resource of the management im- 
provement program and for training pur- 
poses. The unit might also find it desir- 
able to publish a bulletin for general 
circulation in the government, which 
would have as its objective stimulation of 
interest, on the part of executives, super- 
visors, and public employees, in manage- 
ment improvement and in modern 
administrative methods, systems, proce- 
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dure*, and techniques. An adequate 
filing system should be developed for the 
custody of materials relating to the or- 
ganization and administration of all gov- 
ernment departments and for the projects 
which it conducts. 

u 1 8. It is not necessary here to discuss 

j the management unit's survey program 
or the mechanics of Organization and 
Methods surveys. A wealth of informa- 
tion is available on these subjects. Com- 
; petence in its survey and installation ef- 
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forts, however, will be the unit's best 
guarantee of success. 

19. The central management unit can 
be most effective if it can achieve a posi- 
tion of prestige and stature in the power 
structure of government It should seek 
to reserve, establish., and maintain such 
a position, and it should use its influence 
wisely and strategically for the advance- 
ment of good administration and good 
government 
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Skilled Manpower Training to Support 
Industrial Growth in a Developing Nation 

Claude H. Ewing 
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Introduction 

1. This is a report of the techniques 
which proved effective, as well as those 
which were not so satisfactory, in the 
implementation of a vocational educa- 
tion project in Thailand. Through a 
presentation of specific details, an at- 
tempt is made to suggest advisable 
techniques for the education of skilled 
manpower in a developing nation. 

2. A question may be raised whether 
Thailand is a typical example since it 
has made rapid strides in development, 
and is relatively rich. 

3. The project on which this report 
is based was implemented through a con- 
tract between International Cooperation 
Administration (now the U.S. Agency 
for International Development), the Uni- 
versity of Hawaii, and the Thailand 
Ministry of Education, Vocational Divi- 
sion. 

4. Support has been given by United 
States Operations Mission, Thailand in 
the same manner other USOM project 
contracts have been supported in the For- 
eign Aid Program. The contract was 
signed on November 6, 1958. Two 



months later on January 9, 1959, three 
of the University of Hawaii staff mem- 
bers were in Thailand at work; seven 
additional staff members arrived in June 
1959 for a two-year tour. The contract 
carried a provision for the University 
of Hawaii to purchase all equipment 
needed. The project consisted of the 
development of a national program of 
vocational education through the conver- 
sion of a number of already existing 
Carpentry Schools to Trade and Indus- 
trial Schools. At a later date, it was deter- 
mined that eighteen centers would be 
established and a recent extension to 
the contract included a nineteenth center 
and a permanent Teacher Education 
Institution. 

Some Basic Considerations 

5. Industrial training in Thailand pro- 
ceeded on several levels. One industry 
started with a basic staff of imported 
technicians who trained local employees 
at all levels. Another started with elec- 
tronically controlled machines approach- 
ing automation. Typical of the high 
level mechanical equipment approach 
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were two industries recently established 
in Bangkok to make lightbulbs and 
flashlight batteries. 

6. A question to consider in planning 
a program for training craftsmen is 
whether to transplant procedures de- 
veloped elsewhere or whether to develop 
procedures based upon locally available 
materials and personnel. Either course 
presents difficulties. The transplanted 
program demands immediate importa- 
tion of many items not available locally. 
The use of domestic resources reduces 
cost and utilizes local experience and in- 
formation but curtails the activities pos- 
sible by importation. 

7. If a program of training is to be 
developed in a part of the world where 
another nation has been active, it will 
be necessary to give consideration to the 
methods of instruction previously used. 
There are several ways of proceeding in 
the devolpment of a National Program. 
^ or example, the development of machine 
tool operators or the training of a general 
mechanic in lieu of the development of 
workers to do one step in a manufactur- 
ing process may be considered alternative 
methods of approach. Whereas, one tech- 
nique may be to train in the machine 
shop, for example fitters and turners, 
another system is to train an overall gen- 
eral machine shop mechanic. The gen- 
eral machine shop mechanic’s t rainin g 
may cover the use of drill press, lathe, 
milling machine and power equipment 
as well as training in welding and some 
basic electricity. A portion of the time 
given to training for auto mechanics may 
involve basic machine shop training, 
welding and electricity. This is based on 
the fact that newly developing industry 
does not know what it will need and 
diversified training increases employ- 
ment possibilities. 
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The Climate in Which the Program 
was Developed 

8. In a recent (May 24, 1962) presenta- 
tion to the Bangkok rotary, Nai Chalong 
Pungtralsul, Secretary-General of the Na- 
tional Economic Development Board 
spoke on the present 6 year development 
plan for Thailand: 

At present, Thailand has a 6 year 
economic development plan, which is in 
the second year of operation. The 
main characteristics of the plan can 
be summarized as; follows: 

First, the planned activities consist of 
the developmental efforts in the public 
sector only. It leaves untouched the 
majority of economic activities which 
remain in the private sector. 

Second, the planned activities are 
those that have already been under- 
taken by the government agencies. 
The necessity of this approach is ob- 
vious. One cannot immediately stop 
undesirable undertakings, and at once 
start on desirable courses, without hav- 
ing time for adjustments which may 
take as long as one, two, or even three 
years. 

Third, the plan emphasizes agricul- 
tural development for the obvious rea- 
son that agriculture is still the base of 
economy. It is believed that more 
overall benefits would be gained by 
starting off from what we have in mind. 
Thus investments in power, roads,' ir- 
rigation, etc. are justified on the basis 
of their contribution to agriculture. 
Growth of industry is left to private 
initiative, with the government pro- 
viding encouragement as appropriate. 

Their characteristics are not a matter 
of choice. They are dictated by cir- 
cumstances. One cannot say today let 
us have a plan and then expect a plan 
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to appear and to be implemented over- 
night. To be able to plan and to im- 
plement a plan at least two general 
conditions must be met: First, there 
must be a suitable administration set- 
up and, second, the people must under- 
stand the plan and be ready to partici- 
pate in the planned activities. In the 
absence of these conditions, the first 
efforts, therefore, have to be simple, 
cautious, and practical. And this is 
the environment under which the 6 
year plan was born. We may set many 
targets and formulate many projects in 
the present plan, but most of these 
should not be too difficult to reach and 
they should be the things that we are 
familiar with. 

9. Nai Chalong’s statement regarding 
agriculture remaining a base of the econ- 
omy is evident in the recent importance 
of com production. In 1961, 360,000 tons 
of shelled corn were exported to Japan. 
(Bangkok World, July 12 , 1962). In 
dollar value, corn was third of the top 
six items of export. However, rice and 
fiber (jute) continue to be in the top six 
export items along with teak, rubber and 
tin. 



Location of Training Centers 



zo. The nation ha; been divided into 
twelve educational districts. In each a 
General Education Development Center 



has been established for the up-grading 
of the total educational program. Ameri- 
can technicians of USOM/Bangkok staff 
are working with this program. This 
pattern was followed and Trade and In- 
dustrial centers have been established in 
eight of the twelve General Education 
Communities. Centers of population 
were included such as Ubol, which has 
over 1,000,000 people in the Changwad. 
(There are 71 Changwads in Thailand). 
Localities near or at the places where 
large developments are planned, such as 
the Yanhee Dam at Tak, the Mekong 
River Project at NongKai and Nakorn 
Phanom were considered. Availability 
of natural resources and their develop- 
ment, such as tin mining at Phuket, were 
weighed. 

11. The Vocational Department of the 
Ministry of Education supplied data and 
advice pertaining to the availability of 
buildings, personnel and the possible co- 
ordination with existing programs and 
anticipated activities sponsored by other 
agencies and other nations. Further con- 
sideration included the spreading of the 
new type of training, so that each center 
could serve as an area vocational school 
providing a reasonable opportunity for 
all youth of the nation to have access to 
this type of training. 

12. From the surveys made, the follow- 
ing data were prepared: 
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Table I. * Criteria for Selection of Provinces for Comprehensive Survey 



Factors 



Centers 


Industry in the area 
(amount of) 


ft 

•si 

(A 

•Swg 

jll 


Project development in 
area (such as power 
or industrial plant) 


Existing industrial 
school (school 
plant) 


Access for supervision 


Attention of 
headmaster 


Capability of teachers 
or availability of 
competent teachers 


Rating scalt ■ 
5. .Very high 
4.. High 
3. .Average 
2. .Low 
1. .Very low 




xl.5 


x 2.0 


xl.5 


xl.O 


xl.O 


xl.O 


xl.O 


Factor weights 








Weighted 


scores 




• 


Total weighted scores 


Rajburi 


6 


6 


1.5 

1.5 

1.5 

1.5 

4.5 

7.5 

4.5 


A 


c 


A 


A 


30.5 

26.5 

22.5 

23.5 

27.5 
29-0 

26.5 


Nakornsawan 


3 


6 


*T 

X 


J 

5 

c 


4 

4 

c 


4 

A 


Pat tailing 


3 


2 


J 

1 

1 


4 

A 


Prachinburi 


3 


6 

6 


J 

5 

c 


5 

A 


4 


Ubol 


3 


X 

7 


4 

A 


3 


Choi bur i 


7.5 

6 


2 


A 

1 


J 

c 


4 


3 


Tale 


2 


X 


J 

A 


3 

A 


3 

A 








4m 


4 


4 


4 



From Table 1 , pg. 7, Report of a Trade aod Industrial Education Survey of eighteen selected 
Provinces of Thailand, July 7, 1959, under the direction of Dr. Eldridge Plowden, Vocational 
Education Administrator, USOM/Thailand. 



13. The final selection of center loca- 
tion was guided by the advice and desire 
of the Ministry which gave due considera- 
tion to the findings of the surveys and 
other information available to them. 

Philosophy 

14. After due consideration, a philos- 
ophy to guide the development of the 
National Trade and Industrial Educa- 
tion Program was evolved. It includes 
the following factors: 

(a) The large majority of youth are 
up-country, outside Bangkok, and have 
had no exposure to any industrial trade 
training and an extremely limited con- 
tact with machine tool trades or indus- 
trial procedures. To reach these youth, 
centers for training must be established 
up-country. 

(b) Data available do not indicate 



areas in which reasonably large numbers 
of highly specialized mechanics could 
be absorbed. The training offered 
should be diversified and meet the basic 
needs of industry for beginning 
employment. 

(c) The elegibility age and level of 
training should be such that upon com- 
pletion participants will be of age to 
enter employment. 

(d) So far as possible the training 
should not only prepare for employment, 
preferably as an apprentice, but also serve 
as preparation for entrance into other 
training programs to attain higher tech- 
nical ability. 

(e) The training programs developed 
should be the basis for a National Voca- 
tional Program to be incorporated into 
the educational program of the nation 
under supervision of the Ministry of 
Education. 






Training Courses 

15* To determine the occupational 
fields for which training should be of- 
fered, the following were given con- 
sideration: 

(a) The program was to be established 
in the Carpentry Schools. There is an 
abundance of wood throughout the na- 
tion. Developments under way, such as, 
the Yanhee Dam, extensive irrigation 
in the northeast, bridge and highway con- 
struction all require concrete form build- 
ing. The general improvement of hous- 
ing throughout the nation also calls for 
woodworkers. On the basis of these 
points, power woodworking equipment 
and tools for cement work, brick laying 
and plumbing were allocated to each cen- 
ter for the establishment of Building Con- 
struction Shops. 

(b) A large portion of the nation is 
served by trucks and busses. The con- 
struction of highways has resulted in a 
rapid increase in the number of motor 
vehicles. Reports gathered from private 
and government agencies indicated a lack 
of capable auto mechanics. One equip- 
ment importing firm reported 5,500, four- 
cylinder diesel engines of a particular 
make had been imported into Thailand 
for use in pumping water, generating 
electricity, operating saws and for use 
in motor vehicles. Such information led 
to the decision to establish a combined 
auto and diesel mechanics training pro- 
gram in each center. Confirmation of 
the growth of the number of registered 
vehicles has recently been established: the 
1962 registration of motor vehicles in 
Bangkok alone totals 79,750. In 1947, 
the number was 5,471. One of the Ameri- 
can oil companies located in Bangkok 
reports a 15 percent increase in the sale 
of diesel oil this past year. 



(c) Surveys made by the Ministry of 
Education, assisted by an American tech- 
nician, in the eighteen selected commu- 
nities scattered throughout the nation, 
(five in the south, three in the central 
region, six in the north and three in the 
northeast) gave some evidence of indus- 
trial potential. Every community sur- 
veyed had a number of small metal shops, 
some with heavy machine tools and many 
doing light metal work and welding. 
This information indicated a need for 
training in machine shop, sheet metal, 
and welding occupations. These activi- 
ties were included in a program establish- 
ing a machine shop as one activity and 
combined welding and sheet metal work 
as another activity in each of the centers. 
Thus, it was determined to establish four 
basic shops for each of 19 centers. The 
belief that these trades are basic to all 
industries may have influenced the 
selection. 

(d) In certain localities there was a 
need for electrical workers. One commu- 
nity surveyed was found to have noo 
small motors and such electrical devices 
as irons and cooking equipment. An- 
other community on the periphery of the 
two television stations in Bangkok has 
more than 4,000 television sets. While an 
accurate count was not made of radios, 
each community has one or more radio 
stores and repair shops. On the basis of 
this information, basic electricity and 
radio shops were established in nine of 
the nineteen centers. The radio shops 
established in the centers have also been 
developed as a two-way radio station on 
a network with a frequency assigned by 
the Ministry of Communication to the 
Ministry of Education for educational 
use This network, consisting of ten 
stations, has been of great psychological 
value in the development of a feeling of 
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belonging to these almost isolated centers. 
The central station is located in Bang- 
kok at the new permanently established 
Trade and Industrial Teacher Education 
Center. 



Developing a Staff of Teachers 

16. The project was considered more 
manageable when working with approxi- 
mately half of the schools at one time. 
Thus, eight centers were selected com- 
posed of two each ip four districts of the 
nation. The geography of Thailand in- 
dicates the possible physical division of 
the nation into four districts. The north 
and the northeast are divided by a range 
of mountains over which there is, at pres- 
ent, no means of transportation by rail, 
highway or commercial aiiline. The 
southern part of Thailand extends down 
the Malayan Peninsula for appro xima tely 
one thousand miles south of Bangkok. 
The fourth district is the area around 
Bangkok. 

17. With the selection of the eight cen- 
ters, consideration was given to the staff 
already assigned to them. It was found 
that a ratio of one staff member to ten 
students was common throughout the 
program. Due to this low ratio, addi- 
tional positions could not be provided. 

18. The nation has a well established 
Civil Service System with employee ten- 
ure. Therefore, teachers already assigned 
had to be trained to take on the new 
teaching responsibilities. 

19. The Director-General and the 
headmasters of each center conferred and 
assigned staff members to the project. 
In some instances, teachers were found 
with a limited amount of technical train- 
ing in one of the occupational tr ainin g 
areas. Only a few had practical experi- 



ence in one or more of the occupations 
to be taught and that was of a limited 
nature. 

20. Fortunately, the staff consisted of 
men who had worked with their hands 
and had no aversion to doing so. It was 
fortunate that these staff members were 
shop teachers and without exception eager 
to be included in the project program. 

21. Centers were in rural communities 
and the staff members assigned were, in 
general, men with homes in the commu- 
nity where they were teaching. It was 
desirable not to disturb their willingness 
to stay in rural communities and it ap- 
peared advisable to avoid establishing the 
overall training center in the city of Bang- 
kok. After considerable searching, a 
small new school with classroom build- 
ings and a shop building on the outskirts 
of Bangkok at Wat Thepnari, Dhonburi 
was selected for training teachers in the 
skills that they were to teach. Part of the 
classroom building was used for a dormi- 
tory. A unit of equipment identical with 
that used in the schools (as to power 
and hand tools) was acquired through 
requisition by the University of Hawaii. 

22. At the Teacher Development Cen- 
ter for the SEATO Skilled Labor Project 
at Wat Thepnari, Dhonburi each of the 
ten American technicians on the Univer- 
sity of Hawaii Contract staff accepted the 
responsibility of imparting to the one or 
more counterparts, all of the information 
and skill possible pertaining to his par- 
ticular assignment. The Director-Gen- 
eral selected and assigned up to 100 full- 
time Thai personnel to work in each 
aspect of the programs. Each American 
technician taught his specialty, demon- 
strating and speaking in English assisted 
by his counterpart, speaking in Thai. 
Minimum lecturing and maximum dem- 
onstrating was stressed. 
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23. The training of teachers for the 
eight centers started by uncrating and set- 
ting up machines. It continued by estab- 
lishing power connections, building work 
benches and tool cabinets. Then each 
shop member was exposed to the cur- 
riculum he was expected to teach stu- 
dents. , Progress charts, instructional ma- 
terial and visual aids were constructed 
by each student-teacher to take home and 
use in his teaching. The group received 
7 months training, 8 hours a day, 5 days 
a week. Saturday was free for individual 
work on the equipment and developing 
teaching aids. Of the original group of 
45 teacher trainees, 43 are still teaching 
after two and a half years. 

24. During the time teachers were be- 
ing trained, shop buildings were con- 
verted at the eight centers, power lines 
installed and the equipment secured and 
delivered. As soon as the first group of 
teachers returned home, they began to 
establish shops using student help. With- 
in two months, classes were in operation 
with over one hundred students in train- 
ing in each of the eight centers. 

25. At the time counterparts were se- 
lected to work with American techni- 
cians, a group of five participants was 
also selected to go to Hawaii for obser- 
vation and skill training. These persons 
had some knowledge of English. Of the 
group, two were able to work as inter- 
preters to assist the less understanding. 
Six months were spent in the Technical 
Schools of Hawaii observing and work- 
ing with the staff members of the State 
Technical Schools. It is the opinion of 
the American technicians that money 
spent on these participants produced more 
(dollar for dollar) than any money spent 
Upon their return, which coincided with 
the completion of the first period of 
teacher training, the participants were 



assigned as assistants for teacher train- 
ing. Thus, they freed Thai and Ameri- 
can personnel for travel up-country to 
work with staff members of the first eight 
centers during the time that the latter 
were involved in establishing their own 
shops. Frequent visits to the centers, 
made available technical help, and gave 
encouragement Many small problems 
were solved before they had a chance to 
affect progress. 

26. The second group of teachers for 
the remaining 10 centers was exposed to 
an identical program except for the estab- 
lishment of the Teacher Training Shops 
which had been accomplished with the 
first group. Only a description could 
be given of the details of uncrating, as- 
sembling and setting up equipment Ac- 
tual experience was lacking. Upon re- 
turn to the respective schools considerable 
fumbling resulted and there were some 
delays of several months. Another 
month spent in setting up one of the 
schools as a training project would have 
been profitable. 

The Training of the Third and 
Fourth Group of Teachers 

27. One teacher for each of 71 shops 
installed under the original provisions of 
the contract was supplied by the first two 
groups of teachers trained. To provide 
for 18 new shops, a third group was in- 
structed in teaching shop subjects. 

28. At the request of die Director-Gen- 
eral, a group of 140 studert teachers was 
enrolled under Thai instructors. These 
instructors were mainly shop teachers 
who had served as counterparts during 
early training. Thus, a permanent 
teacher education program for trade and 
industrial shop teachers was started. Con- 
tract extension includes assistance to rim 
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phase of the work and the establishment 
of a permanent teacher training institu- 
tion. 

29. The u$e of teachers already located 
in rural communities has proven most 
satisfactory. Of 140 staff members given 
training for specific positions, one died, 
one returned to college, one has been pro- 
moted to Headmaster of one of the cen- 
ters and one has been lost for unknown 
reasons. This left 136 who continued 
with the project. 

30. One of the easiest ways for an in- 
dividual to attain social status in this part 
of the world is to become a civil service 
employee. Even though the pay is small, 
life time security, and eventual pensioning 
have great attraction. For these reasons 
there is no difficulty in securing teacher 
student candidates nor in holding teach- 
ers after completion of training in a voca- 
tional field. Any one of the auto shop 
teachers could secure employment at 
double his teacher’s wages but they all 
prefer to remain teachers. However, 
many teachers have outside employment 
and the time is soon coming when the 
temptation of higher earnings may 
change the picture. 

31. None of the group is as well trained 
as he should be but all are receptive to 
suggestions, attend in-service programs 
and are given other assistance. During 
the period of preliminary teacher train- 
ing a practical curriculum for each shop 
activity was developed involving both 
Thai and American technicians. After 
the teachers returned to their respective 
schools a monthly bulletin was sent from 
the teacher training center. Each issue 
carried additional curriculum projects, 
drawings and ideas gathered from all 
parts of the nation. From this effort has 
come text material published in English 



and Thai for Auto Shop, Arc Welding, 
Gas Welding and Sheet Metal work. 

32. Early in the teacher training period, 
the respective headmasters and Chang- 
wad Education Officers were convened 
at the Teacher Development Center and 
briefed on the projected plans of the pro- 
gram, the equipment they could expect 
to receive for their schools, building con- 
version costs, and the amount of assist- 
ance available for instructional supplies 
during the time of the contract. This 
proved to be most valuable since commu- 
nication between the Central Administra- 
tion Education System and local com- 
munity officials could have been the weak 
link in the establishment of a national 
program. In some instances this was the 
first contact the Changwad Education 
Officer had with the Carpentry School 
of his community. Interest through un- 
derstanding on his part was considered 
to be a necessary step in the development 
of the program in his community. 

Equipment and Power Installation 

33. Provisions made in the contract al- 
lowing for procurement of equipment by 
the University proved to be of great value 
in saving time and costs. Equipment for 
one complete unit intended for teacher 
education arrived in Thailand and was in 
use just 6 months and 15 days after the 
first team members arrived in Thailand. 
A short delay in clearing equipment 
through customs was experienced mainly 
due to a lack of advance bills of lading. 
Paper work requiring the attention of 
numerous individuals and approval of 
two ministries was eventually coordinated 
by the Thai Technical Committee and 
recent shipments have been cleared with- 
in a few days after arrival. 
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34. To facilitate the handling of such 
a quantity of machines and tools, a local 
shipping company with an importer’s 
license was employed. This company has ^ 
provided trucking, storage and packing 
for shipment up-country. This use of 
local help has not only avoided waste of 
technician’s time but has facilitated safe 
delivery of commodities. Equipment for 
the first eight centers was put in place 
just one year after arrival of team mem- 
bers in Thailand. Experience with pro- 
curement through other means indi- 
cates that not less than 2 years are 
necessary for delivery after specifications 
have been written. 

35. Two factors were considered in se- 
lecting equipment: 

(a) The installation was to prepare 
youth for industrial employment and 
should not be of a nature that could 
replace private industry in any com- 
munity. A certain amount of produc- 
tion control is attained by size of 
equipment. 

(b) The cost of the equipment was 
controlled to allow the establishment 
of as large a number of student work 
stations as possible. Thus, a happy 
medium was sought: sturdy equipment 
to meet instructional needs and to un- 
dertake production jobs. Costs per 
student work station for equipment 
and hand tools was approximately $400. 
Equipment was located in those centers 
where the program would be enhanced 
by meeting some of the needs of the 
communities. 

36. The installation of equipment re- 
quired planning to secure adequate 
sources of power. Thus, it was antici- 
pated that at least six diesel generators 
would be needed for communities widi- 
out sufficient power. Fortunately, as 
the project got underway, the Electric 






Organization of Thailand was developed 
and more than 100 of the municipal util- 
ity plants were placed under the super- 
vision of this organization. Considerable 
assistance was secured in working with 
the management of the Electric Organiza- 
tion of Thailand, creating interest on 
their part for the use of power during the 
day when other community demands 
were slack. In several instances, new 
diesel generators were installed primarily 
because of the requirements of the school 
and in anticipation of industrial demand 
in the community. The result was that 
the municipal plants provided sufficient 
power and there has been no necessity 
to establish diesel generators at any of 
the nineteen centers. The problem of 
fluctuating voltage has persisted mainly 
due to hand operated controls in the 
local plants. Through the use of 3-phase 
motors damage due to fluctuations has 
been held to a minimum. To secure 3- 
phase power, it was necessary to stand 
the expense, in whole or in part, of a 
third line from the power station to the 
Vocational Center. This cost, obviously, 
is not as great as the cost of establishing 
five or six generators. 

Selection of Students 

37. The lack of exposure on the part of 
most students to any phase of the ma- 
chine tool trades led to the development 
of testing materials for student selection. 
It was not considered adequate to use nn 
interest inventory or a mechanical apti- 
tude test. 

38. After making a study of the cur- 
riculum to which students had been ex- 
posed, two tests were devised. One was 
in the field of mathematics and the sec- 
ond was in science. The latter utilized 
drawings which would indicate some 
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understanding of mechanical devices and, 
perhaps, potential aptitude. For ex* 
ample: a gear train indicating the motion 
of one gear and requiring the student to 
indicate the direction the other gears 
would turn. The end result of these tests 
was that the more capable students, in 
terms of mathematical ability and ele- 
mentary science comprehension, were 
selected for training. 

39. It is common practice for students 
to compete for entrance into school pro- 
grams and for those who fail not to ques- 
tion the decision. Entrance examinations 
for all educational programs at the same 
level are given on die same day. There- 
fore, students desiring entrance to a pro- 
gram have to decide where they shall 
compete. The new vocational school 
was, therefore, in compeddon for stu- 
dents with other educadonal insdtudons. 
In some communides Teacher Tr aining 
Insdtudons, Technical Institute and Agri- 
cultural Schools offer an opportunity for 
students on the same academic level. In 
four of the established co m munides, 
technical insdtudons have been developed 
offering entrance to students of the same 
academic attainment. 

40. Since young people had little oppor- 
tunity to learn about the vocational areas 
offered in the recendy established centers, 
and especially because of the great attrac- 
tion of Civil Service employment to grad- 
uates from the teacher education schools, 
the students competing for entrance to 
the Vocational Program were not, in gen- 
eral, the better students, or the students 
who felt capable of making a good grade 
on the entrance examinations of the other 
institutions. However, awareness of 
greater chance for successful entry into 
the Vocational Schools appeared to at- 
tract a number of students. In 16 of the 
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18 communities, a much greater number 
of students applied than could be ad- 
mitted so that there was some possibility 
for selection. To assist in creating inter- 
est in the new program small hand bills 
were printed in Thai, illustrated with 
pictures of students at work in the var- 
ious shops, and distributed generously in 
each community. Each year an increas- 
ing number of applicants has appeared. 

41. Ten years of education are required 
for eligibility. The average age of new 
students is 17. Twenty-five students are 
selected for each shop. During the first 
year students are rotated through four 
shops, nine weeks in each. They are 
given a test at the end of each period to 
indicate areas of interest that they might 
be advised to follow during the second 
and third year. 

Development of Guidance Personnel 
for Each Center 

42. As the skill training of personnel 
continued, one staff member from each 
center was selected and given some train- 
ing in testing, record keeping and coun- 
seling. A cumulative record file was de- 
veloped for each student which for the 
first time in these schools brought to- 
gether pertinent data on individuals in 
the program. This program has created 
considerable interest on the part of admin- 
istrators and staff members of general 
education schools. 

43. Personnel assigned to counsel stu- 
dents were assisted in making informal 
surveys of the community served by their 
respective schools. A list was made of 
garages, service stations, small shops of 
all kinds, industries and commer cial 
establishments. A count was also at- 
tempted to ascertain the number em- 
ployed, type of work, and training needed 
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for employment Thus, each school has 
an informal survey of the coirimunity’s 
potential for employment of youth and 
a guide for curriculum development. In 
some communities, due to the aggressive- 
ness of school personnel, part time em- 
ployment programs have been established 
for youth in truck and bus body building 
shops, tapioca mills, jute mills, ice plants 
and auto repair shops. This use of stu- 
dents on a part time basis indicates a 
source of possible full-time employment 
opportunities for graduates (the first 
graduating class will be March 15, 1963). 

Cost Control 

44* The introduction of power equip- 
ment in schools which previously had 
only hand tools has created many prob- 
lems. For example, electrical rates are 
very high and will continue to be high 
until several large electrical projects are 
completed. A four shop school will use 
a minimum of $75 worth of electricity 
per month, equivalent to 1,500 Baht. In 
an economy where a student can buy a 
lunch for one baht, this is a large sum. 

45 * One of the most appreciated power 
tools is the surfacer. Lumber which pre- 
viously was surfaced by hand finds its 
way into the community school shop to be 
surfaced. The headmaster understands 
that he must charge to replace knives and 
for possible regrinding (although each 
surfacer is equipped with a grinder) but 
many have trouble remembering power 
costs until they get the monthly statement. 

46. The development of a technical 
training program is gready affected by the 
availability of materials. The approach 
to training has to be made in accordance 
with what is available. For example: 
steel of a uniform carbon content is lack- 
ing, therefore, a basic course in heat 



treatment needs to be adjusted to the 
materials available. Wire of proper size 
or shape may not be available. Welding 
rods, acetylene and many other items 
needed for a beginning course were lack- 
ing in many communities. It was neces- 
sary to interest local merchants or shop 
owners to carry needed supplies or pur- 
chase in quantity and ship to each center. 
The use of local merchants was not wasted 
effort since each is a potential employer 
and customer. However, the problems 
of quantity purchasing and adequate 
credit needs to be given further study. 

47. Many factors pertaining to cost 
were carefully weighed during the estab- 
lishment of the program. The budget 
had to meet increased costs with the estab- 
lishment of the special manpower train- 
ing program. One arc welder may use as 
much electricity as four or five ordinary 
instruction shops. Acetylene generators 
established at the training centers can 
eliminate the cost of shipping acetylene 
from some central point. Such items as 
film projectors, tape recorders, records 
and film which deteriorate rather quickly 
in a tropical country need to be con- 
sidered in terms of overall costs and, 
where possible, substitute devices used. 

48. Usually when one speaks of train- 
ing skilled craftsmen, the impression is 
gained that power equipment must be 
involved. This is not entirely true. A 
big step forward can be taken with hand 
tools alone. Many useable items can be 
made in training centers, including basic 
hand tools which may be manufactured 
as a part of the curriculum not only for 
school use but also for sale. A bicycle 
wrench made by a beginning ma rbinr 
shop student will be highly appreciated 
by his parents, friends and especially the 
student himself. Throughout the pro- 
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gram consideration should be given to 
the development of a curriculum includ- 
ing the production of as many useful 
items as possible. Chisels, hammers, and 
sheet metal vessels are other highly useful 
products which help the schools attain 
acceptance and status. 

Supervisory Staff 

49. The establishment of a Trade and 
Industrial Program in nineteen centers 
located at considerable distance from the 
central office of the Ministry of Education 
required the development of a supervisory 
staff. This involved financing, as well as 
staffing. To implement the program, one 
headmaster in each of the four districts 
was appointed by the Director General 
for Vocational Education to act as a dis- 
trict coordinator. Each district coordi- 
nator continued to hold the position of 
headmaster of his respective school. In 
each case a competent assistant head- 
master was appointed from th' staff of 
the school. 

50. Through, assistance given by the 
United Kingdom a small Land Rover 
automobile was procured for two dis- 
tricts. A Jeep station wagon assigned 
by USOM End-Use Auditor from an- 
other project has provided transporta- 
tion in the third up-country district. The 
central district has the use of a contract 
team car. 

51. The American technician plans 
visits with the district coordinator and 
provides for Thai personnel attached to 
the project to accompany them, accord- 
ing to need. For example: if problems 
pertain to power and power equipment, 
a Thai electrical technician will be asked 
to accompany them. Five retrained 
teachers are functioning in this capacity 



and are also conducting short seminars 
for the shop teachers. The supervisory 
program is retarded because several capa- 
ble young men do not have sufficient Civil 
Service status to qualify as supervisors. 

52. Over 2,500 pieces of power equip- 
ment are involved in the program. Main- 
tenance, repair or replacement of parts 
call for constant supervisory assistance. 
The administrative staff is gready in need 
of continued help to program teachers 
and students, keep a steady flow of in- 
structional supplies, deal with the com- 
munity and investigate charges of com- 
petition from private business interests. 
Steps have been taken to prepare the 
staff to accept and to appreciate super- 
visory assistance. 

Summary of Attainments and Some 
Observations 

53* Certain basic social concepts need 
to be developed. It is important that 
there be a realization on the part of 
$he general population and more spe- 
cifically on the part of parents and youth, 
that a certain amount of academic knowl- 
edge is needed by the skilled craftsman. 
Recognition is also needed of the rela- 
tionship of technical training and aca- 
demic training and the necessity for re- 
specting regulations. In a society where 
there is no opportunity for participa- 
tion in activities which develop these 
appreciations, it is essential to recognize 
that their development takes time. In 
the United States, reference is often made 
to the development of school youth only 
one generation removed from foreign 
countries. In a developing nation it may 
take a generation to become accustomed 
to mechanical devices and power equip- 
ment. 
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54. Prior to the establishment of this 
project, there was no provision outside 
Bangkok for youth to secure training in 
the machine tool trades or to enroll in 
a technical institute. The 19 centers 
operating as Area Vocational Schools fill 
this need. 

55. Except for the large government- 
operated shops in activities such as the 
railway system, there is no apprentice 
training in the nation. Some few begin- 
nings in part-time employment for youth 
attending school have been made. The 
growth of tourism has brought about in- 
terest on the part of hotels to provide 
certain types of training in the service 
fields. 

5 6. Creation of a pool of skilled crafts- 
men requires organized, coordinated 
effort. If it is to be a national program, 
it is essential that there be national legis- 
lation which will support the efforts of 
any particular ministry involved in the 



development of craftsmen. Legislation is 
needed not necessarily to command but 
to support and to unify the effort by regu- 
lating the elements which protect both 
the worker and the employer and to as- 
sist the training agency. A training 
period should not be merely a time serv- 
ing period. Regulations should be estab- 
lished which affect both the employer 
and the learner resulting in adequately 
trained mechanics acceptable by the in- 
dustry. Essential legislation includes a 
minimum wage act, the establishment of 
a national employment service, financial 
support for the vocational education sys- 
tem or agency, apprenticeship laws and 
health laws. 

57. Each project such as the one de- 
scribed can contribute only to a limited 
degree until the total activities pertaining 
to industrial development are coordinated 
nationally. 
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Some Aspects of 

Management and Skilled Supervision 



Arthur E. Lawrence 

U.S. Agency for International Development, Washington, D.C. 



Introduction 



1. There is widespread interest today 
in technical assistance that will contribute 
to the social and economic development 
of less developed countries. This activity 
has many facets for the student of man- 
agement, public administration or busi- 
ness administration. 

2. The purpose of this study is to ana- 
lyze how some fundamental principles 
of American management have been ap- 
plied overseas in the post World War II 
period, how they fit the needs of super- 
visors in less developed economies, and 
to evaluate how effective they have been 
in management development. This study 
is limited in scope to those techniques 
that are directed primarily to improving 
the skill of supervision at the first and 
middle management levels, although ap- 
plicable to top management The find- 
ings and conclusions, other than those 
cited in specific references, are based on 
the writer’s experience as Regional Direc- 
tor of the Training Within Industry Serv- 
ice, War Manpower Commission, during 
World War II, subsequent participa- 
tion in and observation of projects during 
assignment in the countries of Israel, 
Brazil, and Surinam, and, on a general 



review of industry projects on a world- 
wide basis during his current assignment 
in Washington. 



Post War Experience Overseas — 
1946-1961 



3. A considerable portion of the United 
States and the United Nations technical 
assistance programs abroad during the 
past 10 years has been concerned with 
problems of the management function in 
government and the private sectors of the 
economy. 

4. This assistance normally consists of 
one or more of the following types: (a) 
direct hire technicians, (b) individual 
consultants, (c) top level seminar teams, 
and (d) university contracts. It is usu- 
ally supplemented by individual or team 
studies for selected participants from the 
host country in the country providing 
the services. In addition to the special- 
ized services provided through inter- 
national agencies of government a consid- 
erable amount of management know-how 
is made available by foreign private cor- 
porations in carrying out their operations 
within a particular country. 

5. As an example of (c) above, the 
Council for International Progress in 
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Management during the last io years, 
working for the Marshall Plan originally 
and now A.I.D., conducted a series of 
management seminars in 28 countries 
of the world.*. The purpose of these 
seminars was to examine and discuss with 
executives the potential role of profes- 
sional management in improving the con- 
duct of all kinds of enterprises involving 
organized effort, including government, 
educational institutions, business enter- 
prises, labor unions, and non-profit 
organizations (1). These seminars repre- 
sent a horizontal type of executive de- 
velopment at the top management level, 
rather than a vertical type that will reach 
all levels of management, and for the pur- 
pose of this study have little to contribute 
to improving the skills of middle man- 
agement and the first line supervisors. 

6. University contracts have been used 
extensively in several countries, mainly 
for the purpose of building up govern- 
ment institutions and schools of Public 
and Business Administration. For ex- 
ample, in Brazil, Michigan State Univer- 
sity has provided a staff at Sao Paulo 
University since 1956 to establish an un- 
dergraduate curriculum in business ad- 
ministration. This work has been 
supplemented by graduate study on the 
Michigan State campus for prospective 
Brazilian staff members. 

7. The Productivity Centers which 
have been established in many countries 
have utilized mainly direct hire tech- 
nicians or short term consultants in p lan , 
ning services, and training host country 
personnel to carry on. Extensive use has 

•Teams of American management people were 
recruited under the auspices of the Agency for 
International Development and its predecessor 
agencies by the Council, an American, nonprofit, 
nonpolitical organization devoted to scientific 
management on the international level. 



been made of supplemental training for 
individuals or teams in other more de- 
veloped countries. This type of assistance 
is also of long range institutional develop- 
ment type. When properly staffed, such 
centers can provide a vertical type of 
training for all levels of management in 
the three fundamental activities of pro- 
ducing, selling, and financing. 

8. The larger foreign corporations, 
with operations in the less developed 
countries have to a large extent ridied on 
expatriate personnel for top level manage- 
ment. Because of the shortage of skilled 
manpower and absence of institutions to 
supply trained managers or supervisors 
they have relied on intensive on-the-job 
training for first line supervisors and 
middle management. 

9. A rather uniform pattern is followed 
in most of these countries to provide 
short, intensive practical training in the 
basic needs of the supervisor. Most of 
these programs are based on the body of 
systematized knowledge developed in the 
United States during World War II. 
These management techniques now form 
the core of the industrial relations and 
training programs in many of the larger 
companies in the United States and Eu- 
rope and have been extended to many of 
their overseas operations. In the more 
developed countries of Europe and in 
Israel, Brazil, and Japan the government 
has sponsored the promotion of this 
training on a national basis, to meet the 
shortage of supervisors and skilled 
workers. This type of training offers 
several significant advantages in the less 
developed countries by providing vertical 
level training from top management 
down through the first line supervisors. 
Training is geared to short term im- 
mediate needs and not dependent on the 
time consuming, long range institutional 
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building process of 5 to 10 years duration. 
Because of the importance of this ap- 
proach to the less developed countries, the 
essential characteristics of what is inter- 
nationally known as the “Training With- 
in Industry System” are treated under a 
separate heading in this report. 

10. In the few less developed countries 
where this system has been successfully 
established and used, the writer has ob- 
served that the organization of manage- 
ment institutes, productivity centers, 
management societies and institutions of 
a more permanent nature have followed 
in the wake of such training. They are 
the result of development — not the cause. 

11. However, there is a feeling among 
U.S. technicians who have served in the 
less developed countries that, in general, 
the sophisticated techniques of American 
management have not produced the tan- 
gible results that might be expected. 
There are definite ethnic, social and cul- 
tural barriers to the application of our 
concept of management principles. Some 
of the more important are treated under 
the heading that follows. 

Ethnic, Social and Cultural Barriers 

12. The Elite. Mr. Hagen in his paper 
for the Brookings Institution Conference 
on Research Needs for Development As- 
sistance Programs has brought into sharp 
focus some social and cultural barriers 
to economic progress (2). In his dis- 
cussion of the role of authority he points 
out that it has a significance to key of- 
ficials in a traditional society different 
from its significance to a person from a 
Western culture in which rapid technical 
progress is going on. The typical top 
management official in less developed 
areas may have his authority, not because 
of his demonstrated capacity in the field, 



but because he has the proper background 
and has been educated at the proper 
schools. His authority thus is a symbol 
of his superior status as an individual. In 
some areas to delegate part of his author- 
ity to subordinates is to give up part of 
his status. To ask subordinates for their 
judgment before making a decision, or 
for factual information as a basis for deci- 
sion, may imply that he is not worthy to 
bear authority since he must depend 
on subordinates. Doing so threatens the 
difference in identity between him and 
the subordinate. Hence, he will cling 
to his authority, not deliberately but un- 
consciously. His decisions concerning 
new functions will be authoritarian and 
often not responsive to the purposes to 
be served, objectively reviewed. Tech- 
nical and scientific education or formal 
training in administration will have al- 
most no impact on these inhibitions. 
Hagen treats this further in the case of 
key officials in less developed areas by 
saying that in an uncertain and some- 
what hazardous world, the security of- 
fered by one’s position within one’s 
family, clan or other primary group is 
of especial importance, and to protect 
one’s family and advance its interests may 
be a moral duty that takes primacy over 
any more general obligation to society. 
In pursuing this moral duty, the in- 
dividual will often be, in Western terms, 
less sensitive to public interest. 

13. For a number of years, scholars 
associated with the Inter-University 
Study of the Labor Problems in Economic 
Development have been investigating the 
relationship between industrialization, 
managerial leadership and wage earning 
groups throughout the world. The full 
conclusions of this research which has 
been recently published deals with the 
elites in five types that customarily and 
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variously take the leadership of the in- 
dustrialization process (3). In general, 
their findings confirm the observations 
made by Hagen in regard to the dynastic 
elite of the traditional society. The four 
other categories that may emerge from 
time to time in the development of a 
country are namely: the middle class, 
the revolutionary intellectuals, the colo- 
nial administrators and the nationalist 
leaders. The study points out how these 
groups tend to break down the dynastic 
elite in the traditional society. 

14. Myers in his study points out that 
management in many of the develop- 
ing countries can be characterized as 
either authoritarian or paternalistic. This 
creates a climate in v/hich competent mid- 
dle management and upgrading of work- 
ers is difficult to develop (4). 

15. Industrial Organization. The role 
of authority as discussed above is only 
one facet of the problem. Equally im- 
portant is the fact that Western industry 
is highly inter-dependent. It depends 
for its efficiency on other industries. It 
assumes the availability of materials, 
components, and tools. It depends also 
on auxiliary enterprises which can pro- 
vide technical, financial and managerial 
services on demand; on a complex net- 
work of communication and transporta- 
tion facilities; and an intricate system of 
business practices. An industrialized 
economy is of necessity a technical com- 
plex, not a set of isolated pieces of tech- 
nology. For this reason one piece cannot 
be detached from the complex and used 
efficiently in a less developed country 
without skillful adaptation. 

16. The image, seen in many countries, 
of America’s great industrial power and 
dynamic development attributes these de- 
velopments to technical advances alone, 
without visualizing the central role man- 



agement has exercised in getting results 
from technical proficiency and people 
possessing it. In most instances, techni- 
cians from less developed countries who 
receive intensive technical training in the 
U.S. fail to see the place of management 
in accomplishing major technical proj- 
ects. Upon return to their respective 
countries they find that they cannot move 
ahead because they are unable to trans- 
late the fundamentals of American man- 
agement to the peculiar indigenous con- 
ditions of their countries. A study of this 
problem has been carried out for foreign 
technicians in training at the Engineering 
Laboratories of the U.S. Bureau of Rec- 
lamation, Denver, Colorado. This led 
to the establishment in 1953 of a special 
course in the Fundamentals of American 
Management under the auspices of an 
inter-university group (5). 

17. Another aspect of industrial or- 
ganization is the size of undertakings in 
less developed countries. For example, 
in Israel in 1953 the Statistics Branch, 
Ministry of Labour reported that approx- 
imately 30,000 undertakings in all 
branches of economic activity had less 
than 50 employees, with an average of 4. 
Only a limited number, estimated at be- 
tween 18 and 24, employed more than 
1,000 workers. The small business firm, 
which is characteristic of the less devel- 
oped countries, does not have the staff 
specialists necessary to carry out many 
management functions. The general 
manager becomes a jack of all trades. 
For this reason outside consultant serv- 
ices which attempt to install programs 
for developing supervisors or providing 
other technical services find a fertile field 
for operation. Mixed company courses 
meet the needs of the small company with 
one or two supervisors. The key point 
here is that training is needed not for the 
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elite top management, but rather to help 
top management develop the middle 
management and supervisory level. This 
is most important in what we call small 
business concerns of less than 500 
employees. 

18. High Level Manpower. The scarc- 
ity of competent managerial, scientific 
and technical personnel ranks high on the 
list of bottlenecks in the less developed 
countries. In any country the number 
of persons in the high level category is 
quite small. Harbison in his study re- 
ports that in Nigeria the total is less than 
one-tenth of one percent of the popula- 
tion. In more advanced countries such 
as Egypt or India, it might be over one- 
half of one percent In the most ad- 
vanced societies such as the United States, 
USSR or Germany, it might approach 
3 or 4 percent (6). This raises some 
interesting questions about the feasibility 
of providing effective training in man , 
ag-ment where educational levels are very 
low and competent personnel exists only 
at the top level. Technical and scientific 
education or formal training in adminis- 
tration is applicable at present to only 
the top level. For the several reasons 
discussed here it will have almost no im- 
pact on cultural inhibitions in less de- 
veloped countries with traditional 
societies. 

19. The Productivity oj Labor. In con- 
sidering the ethnic, social and cultural 
barriers some thought must be given to 
the aptitudes, skills or attitudes of the 
total labor force, which is the source of 
managers. The only recent comprehen- 
sive study of the labor force in less de- 
veloped countries was made in Africa by 
the International Labour Office. The 
findings are reported in the African La- 
bour Survey (1958) (7). This study 



states in part: “There is no scientific basis 
for the proposition that any initial inca- 
pacity of the African rests on any differ- 
ence in hereditary biological constitution 
between him and members of any other 
racial group. It must be equally accepted 
that existing inadequacies stem from cer- 
tain factors of environment, including un- 
familiarity with the tools of modern in- 
dustry, gaps in education and appropriate 
training and in the background against 
which attitudes considered appropriate to 
industrial societies develop.” In most 
developing countries, it can be ass um ed 
the worker in general is ill adapted by 
any conditioning he has received through 
his economic, social and cultural back- 
ground for assimilation in a wage econ- 
omy of the European or American 
pattern. 

20. After consideration of these several 
important barriers to economic develop- 
ment it is timely to take a look at the 
“Training Within Industry System,” 
which has been successfully used on an 
international basis for improving the 
skills of supervision. 

The Training Within 
Industry System 

21. Background for Development. 
The wide use of the Training Within 
Industry (TWI) Programs has been pos- 
sible only because of the way in which 
they were originally developed. In the 
United States these programs for indus- 
try came from industry during the war 
years 1941-45, and represent the pooled 
experience of many people. The nation’s 
war plants provided both the materials 
and the proving ground. A detailed ex- 
planation of the thinking and philosophy 
that went into the development of these 
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management techniques for improvement 
of supervision may be found in the Train- 
ing Within Industry Report (1945) (8). 

22. Each of the TWI programs came 
about through pressure to meet a specific 
need which was occurring in war plants 
all over the country. The programs were 
not developed with any thought as to the 
order of their importance or the order 
m which a plant might use them. In 
1940 and 1941, industry was faced with 
the task of absorbing hundreds of thou- 
sands of new workers. For this reason 
the job instruction program was given 
priority attention. Shortly after work 
on this program was underway, managers 
were questioned as to the problems of 
their new supervisors, and supervisors 
themselves were asked about the fields in 
which they most needed help. Out of 
this survey of industrial opinion came the 
decision to do something in the field of 
improving methods (Job Methods) and 
in the field of working with people (Job 
Relations). 

23. The use of the word “Job” in the 
names of the TWI programs was not an 
accident. Before any of these programs 
were developed, it was determined that 
whatever was done would have to be 
fundamental and simple. It would have 
to be part of everyday work for everyday 
supervisors at the job level. For example, 

^ Job Relations” was chosen rather than 
“Human Relations” to emphasize the 
specific area in which it had been decided 
to work. 

24. Skills of Supervision. As a result 
of the experience in developing the TWI 
programs a simple concept of the basic 
needs of the supervisor emerged. The 
statement which has become a standard 
part of the TWI thinking and publica- 



tions, is: 



Every Supervisor Has Five Needs 

(a) Knowledge of the v/ork— mate- 
rials, tools, processes, operations, products 
and how they are made and used. 

(b) Knowledge of responsibilities - 
policies, agreements, rules, regulations, 
schedules, interdepartmental relation- 
ships. 

These two knowledge needs must be 
met currently and locally by each plant 
or company. Such knowledge must be 
provided if each supervisor is to know 
his job and is to have a dear understand- 
ing of his authority and responsibilities 
as a part of management. 

(c) Skill in Instructing — increasing 
production by helping supervisors to de- 
velop a well trained work force which 
will get into production quicker, have 
less scrap, rework and rejects, fewer ac- 
cidents, and less tool and equipment 
damage. 

(d) Skill in Improving Methods— 
utilizing materials, machines and man- 
power more effectively by having super- 
visors, study each operation in order to 
eliminate, combine, rearrange and sim- 
plify details of the job. 

(e) Skill in Leading — increasing pro- 
duction by helping supervisors to im- 
prove their understanding of individuals, 
their ability to size up situations, and 
their ways of working with people. 

These three skills must be acquired 
individually. Practice and experience in 
using them enable both new and experi- 
enced supervisors to recognize and solve 
daily problems promptly. 

25. The refinement of this concept 
during World War II, by collaboration 
of industrial concerns and educational 
institutions, under the auspices of the 
War Manpower Commission resulted in 
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a system of training that has been fur- 
ther refined during the past ib years. 
The basic characteristic of this system is 
to assist companies in giving their super- 
visors a start in acquiring these skills 
through three io-hour programs' in Job 
Instruction, Job Methods and Job Rela- 
tions. The content of current versions 
of these courses as used in industry to- 
day is described briefly under the head- 
ings that follow: 

26. Job Instruction. This program is 
a development of the instructional steps 
developed by C. R. Allen in World War 
I (9). They have become a standard 
for the training of trade teachers in voca- 
tional education. The refinement of the 
course during World War II is reflected in 
the current version used by Esquire, Inc.: 

How to instruct 

Step 1. Prepare the Worker— Put him 
at ease. State the job and find out what 
he already knows about it. Get him in- 
terested in learning the job. Place in 
correct position. 

Step 2. Present the Operation— Tell, 
show, and illustrate one IMPORTANT 
STEP at a time. Stress each KEY 
POINT. Instruct clearly, completely, 
and patiently, but no more than he can 
master. 

Step 3. Try out Performance — Have 
him do the job — correct errors. Have 
him explain each KEY POINT to you as 
he does the job again. Make sure he 
understands. Continue until YOU know 
HE knows. 

Step 4. Follow Up— Put him on his 
own. Designate to whom he goes for 
help. Check frequently. Encourage 
questions. Taper off extra coaching and 
close follow-up. 



IF THE WORKER HASN’T 
LEARNED, THE INSTRUCTOR 
HASN’T TAUGHT 

How to Get Ready to Instruct 

Have a Time Table — how much skill 
you expect him to have by what date. 

Break Down the Job— list impor tan t 
steps. Pick out the key points. (Safety 
is always a key point.) 

Have Everything Ready — the right 
equipment, materials, and supplies. 

Have the Workplace Properly Ar- 
ranged— just as the worker will be ex- 
pected to keep it. 

27. Job Methods. The principles of 
this course are based on work in the field 
of scientific management which has been 
carried on in industry since the turn of 
the century. The current version as used 
by the Shell Company is a simplification 
of techniques used in methods engineer- 
ing work to the extent that they can be 
applied by all supervisors: 

How to Improve Job Methods 

A practical plan to make better use of 
available manpower, machines and 
materials. 

Step 1. Analyze — Watch the job being 
done — list all details. Note snags and 
difficulties. 

Step 2. Challenge Each Detail— Why 
is it done? Is it necessary? Is there a 
better way? When? Where? Who? 
How ? Note all ideas. 

Step 3. Develop— Review ideas, elimi- 
nate — simplify — combine — rearrange de- 
tails. List details of improved methods. 

Step 4. Introduce— Submit for ap- 
proval. Convince and train • users. 
Check results. 
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Use These Aids. Always enlist the 

help of those doing the job. Worl( out 

your ideas with others. 

Safety — Is it a safe method? Are cur- 
rent safety rules adequate? Can it be 
made foolproof? 

Materials — Can better, less expensive 
or less scarce materials be used? Can 
scrap or waste be reduced or used for 
another job? 

Equipment — Is your equipment cor- 
rect, fully used, and in good working 
condition? Is other equipment available 
within the organization? Can holding 
devices be used? Can gravity aids help? 

Design — Could improvement be ob- 
tained by alteration of design of product 
or equipment? 

Layout — Is space being used to ad- 
vantage ? Is everything in the convenient 
work area? Can both hands do useful 
work? 

28. fob Relations. The Job Relations 
course was developed by the TWI Service 
over a two-year period of research and 
experiment from 1941 to 1943. There 
was no precedent for a method in this 
field. The current version of the con- 
tent of this course as used by Esquire, Inc. 
is as follows: 

How to Handle a Problem. Determine 
Objective 

(a) Get the Facts. Review the record. 
Find out what rules and plant customs 
apply. Talk with individuals concerned. 
Get opinions and feelings. Be sure you 
have the whole story. 

(b) Weigh and Decide. Fit the facts 
together. Consider their bearing on each 
other. What possible actions are there? 
Check practices and policies. Consider 
objective and effect on individual, group, 
and production. Don’t jump to con- 
clusions. 



(c) Take Action. Are you going to 
handle this yourself? Do you need help 
in handling? Should you refer this to 
your supervisor? Watch the timing of 
your action. Don’t pass the buck. 

(d) Check Results. How soon will 
you follow up? How often will you need 
to check? Watch for changes in output, 
attitudes, and relationships. Did your 
action help production? 

Foundation for Good Relations 

A Supervisor Gets Results Through 
People 

Let each worker know how he is get- 
ting along. 

Be sure you know what you expect of 
him. Point out ways to improve. 

Give credit when due. 

Look for extra or unusual performance. 
Tell him while “it’s hot.” 

Tell people in advance about changes 
that will affect them. 

Tell them WHY if possible. Get them 
to accept the change. 

Make best use of each person’s ability. 

Look for ability not now being used. 
Never stand in a man’s way. 

People must be treated as individuals. 

29. Relation to Current Management 
Thinking. For the purpose of this study 
it is necessary to relate the TWI system 
to current thinking in the field of man- 
agement. Terry in his book on the Prin- 
ciples of Management gives recognition to 
this program in the chapter on Super- 
vision. He rates the TWI program as 
excellent, and among the best available 
(10). However, he treats the separate 
courses in a superficial manner and one 
must go to the TWI Report or individ- 
ual company practice for a good under- 
standing of the development of these 
techniques, their use and results. It is 
important to note that in all of the TWI 
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courses fact finding and an analysis of 
facts are basic. In the Job Relations pro- 
gram a problem solving technique is in- 
volved. The basic principles reflected in 
the TWI programs are incorporated by 
Terry in his chapters on Managerial De- 
cision Maying, Creative Thinking in 
Management, The Science and Art of 
Management, Policies, Procedures and 
Methods, the Human Element in Man- 
agement Motivation, Supervision, and 
Personnel Management. 

Analysis of Success Factors 

30. Basically, the problem of human 
resources in less developed countries is 
no different than the one the United 
States faced during the emergency of 
World War II. It is logical to assume 
that what was effective during that period 
of time should have application to the 
current emergency of rapid change in the 
economic development of less developed 
countries. 

31. To the writer’s knowledge, no at- 
tempt has been made to determine why 
the TWI System has been particularly 
effective in overseas projects. An at- 
tempt is made here to make an analysis 
of the important factors that have con- 
tributed to acceptance and use: 

(a) The system is one of utter sim- 
plicity. 

(b) It has been prepared for presenta- 
tion by an intensive and carefully blue- 
printed procedure utilizing a minimum 
of time. 

(c) It has been built on the principle 
of demonstration and practice of learn- 
ing by doing. 

(d) The job demonstrations in the 
case of the Job Instruction and Job 
Methods are practical jobs selected by 
the supervisor from his own depart- 









mcnt In Job Relations, the case stud- 
ies are actual plant problems which the 
supervisor has to do something about. 

(e) The courses are in simple shop 
terminology that can be translated 
without too much difficulty to the 
language of the host country and used 
effectively by bilingual trainers. 

(f) The programs reach a level below 
the elite top management 

(g) The system provides the core 
and base for developing a more com- 
prehensive industrial relations program. 
With proper application it points out 
the needs for vocational education, in- 
dustrial engineering, suggestions sys- 
tem, selection of supervisors, operations 
manuals and changes in company 
policies. 

(h) The program provides for a mul- 
tiplier technique by training selected 
men or women as trainers. 

(i) The io-hour courses of the TWI 
program have been criticized as a 
‘package” approach to supervisory 
training. However, teaching can be 
organized, and organized teaching is 
done in units called courses. 

(j) What each supervisor learns is 
different. Learning cannot be or- 
ganized. Each supervisor brings to his 
position his own unique background, 
education and experience. Out of these 
he has constructed his own theories 
and concepts of his role and function 
as manager. Progressively he learns 
from experience, and from time to time 
he is moved to alter his attitudes and 
managerial behavior. By this process 
he moves unevenly and uncertainly or 
not at all if he is lacking in imagina- 
tion or motivation. It is in this area 
of ideas and experience that TWI 
courses play a significant role. This 
system provides an effective technique 
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to change the climate in an organiza- 
tion in spite of the obstacles mentioned 
earlier in this report. 

(k) Perhaps one of the most impor- 
tant success factors is a carefully 
worked out plan for management in- 
volvement and participation. The pro- 
cedure to be followed in establishing 
the program in a company or group of 
companies is essential to tangible re- 
sults. In the writer’s opinion the suc- 
cess of the TWI System in a company 
is proportionate to the attention given 
to this matter. 

32. A further analysis was made to 
reveal the extent to which the TWI Sys- 
tem has been used in less developed 
countries. Accurate information was not 
available on this point. General infor- 
mation available shows that it is a phase 
of the U.N. Expanded Technical As- 
sistance Program. In this experience, it 
has been found necessary to hire tech- 
nical experts to establish the several pro- 
grams in a country. In this respect con- 
siderable difficulty has been encountered 
in recruiting qualified technicians ac- 
ceptable to the U.N. and the host coun- 
try. Bi-lateral assistance has been pro- 
vided by the British Ministry of Labour, 



Industry, and Commerce to some African 
countries. Private corporations both 
American and European have applied and 
used the TWI System in some of their 
overseas operations. Only limited use 
has been made of the system by the several 
United States Agencies concerned with 
foreign technical assistance, except in 
Europe under the Marshall Plan. The 
International Cooperation Administra- 
tion assisted in establishing the system 
in Brazil, through the services of one 
direct hire technician; in Chile through 
an inter-agency service contract; and in 
Japan and Indonesia through contract 
services provided by Training Within 
Industry, Inc., Cleveland, Ohio. Tech- 
nical bulletins tided Training Manuals 
for Job Instruction, Job Relations, Job 
Methods and Training of TWI Trainers 
have been distributed to all Missions by 
the former Technical Aids Branch, Of- 
fice of Industrial Resources, ICA. The 
distribution of these Technical Bulletins 
has been ineffective in promoting the 
use of the TWI System. This is due to 
the lack of guidelines on how to launch 
the programs and conduct master in- 
stitutes for the development of a cadre 
in the host country to carry on the work. 
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Introduction 

i. The Peruvian Andes, or legendary 
"Land of the Incas”, teem with gold and 
other minerals which have been mined 
since pre-Colombian times. However, 
with the advent of mechanization and the 
increased demand for strategic metals 
during World War II, occupational di- 
seases were bound to increase quantita- 
tively in scope and nature. The economic 
corollary was and is, in any case, de- 
creased productivity followed by in- 
creased medical compensation (plus other 
hidden costs), and/or labor turnover 
which can be critical in the continued 
progress of a less developed or emerging 
nation. 

2. Consequently, when the incidence of 
"Pneumoconioses” among the miners of 
Peru reached alarming proportions in 
1940, that government created a Depart- 
ment of Industrial Hygiene to cope with 



this problem. However, due principally 
to inadequate financial and technical re- 
sources, it was virtually impossible for 
this unit to materially reduce the 
occupational hazards. 

3. The means to resolve these difficul- 
ties were obtained in 1947 by the enact- 
ment of Public Law 10833, followed by a 
request to the Institute of Inter-American 
Affairs (now a part of the Agency for In- 
ternational Development) for assistant 
in the organization of a new Department 
of Industrial Hygiene. Only the chemi- 
cal phase of the operation will be treated 
in detail in this paper. 

4. Industrial Hygiene, or more broadly 
speaking Occupational Health, is a pub- 
lic health discipline requiring the collab- 
oration of a basic team composed of 
physicians, engineers, and chemists. The 
objective of such a unit is to effect the 
proper evaluation of and subsequent con- 
trol or elimination of any existing occu- 



M7853 — 8ft 7 



85 




(rational hazards in agriculture, industry 
or mining enterprises. 

5. Teamwork is essential to the suc- 
cess of this operation, since each phase 
of the discipline has important responsi- 
bilities, but the chemists do provide serv- 
ice to the otht/ two units of the team. 
Thus, they analyze biological material for 
the physicians, and environmental sam- 
ples for the engineers. The former data 
are essential (especially in legal cases) as 
confirming evidence of the worker’s de- 
gree of intoxication by an industrial poi- 
'son; whereas, the latter information is 
fundamental to the design of appropri- 
ate protective measures, and subsequent 
proof of the efficiency achieved in con- 
trolling the hazardous condition in the 
workers’ environment. 

6. The amount of toxic constituent 
which the chemist must be prepared to 
analyze ranges from the infinitesimal to 
macro quantities. For example, 8-mil- 
lionths of a gram of lead per one hundred 
milliliters of urine, and 0.2-milligram of 
that metal per cubic meter of atmosphere 
are typical threshold limit values. 

7. Obviously, the scientific prerequi- 
sites to carry out such analytical work 
include adequately trained personnel plus 
the availability of modern instrumenta- 
tion, and access to a comprehensive tech- 
nical library. None of these require- 
ments existed in Peru prior to 1948 since 
even the Faculty of Chemistry at San 
Marcos University was not equipped nor 
prepared to effect micro-chemical 
analyses. 

Initial Phase of Operation 

8. The first course of action was to 
provide intensive in-service training to 
the available personnel with emphasis on 
the chemistry related to the major occu- 



pational risks to health. These risks had 
been broadly defined by a pr elimin a r y 
survey conducted in 1947 under the aus- 
pices of the Institute of Inter-American 
Affairs (1). Implementation of the rec- 
ommendations in this report resulted in 
an assignment of the senior author to the 
Peruvian program, with the responsibil- 
ity of developing the chemical phase. 

9. Originally the duties were to design 
and equip the laboratory, train graduate 
Peruvian chemists in the required micro- 
techniques, supervise the translation of 
appropriate scientific and technical ma- 
terial into Spanish, and develop methods 
tailored to local requirements. 

10. This initial phase of the operation 
was accomplished during the period of 
1948-51 during which time four Peru- 
vian trainees in chemistry were given 
in-service training. All of these techni- 
cians were “graduates” of San Marcos 
University in Lima, but none had initi- 
ated a thesis — which was the final re- 
quirement to obtain their degree. This 
was the normal situation which reigned 
in Peru during that epoch, but it did pre- 
sent an ideal opportunity to wean these 
candidates away from a customary cost- 
study of a hypothetical plant layout into 
an area of independent, if not profound, 
scientific endeavour. 

11. In addition, the appropriate analyt- 
ical instrumentation had been hitherto 
non-existent in Peru. Consequently, a 
fortuitous by-product of technical co- 
operation during the early 1950’s was the 
indirect stimulation of the scientific ap- 
proach and methodology in the prepara- 
tion of theses for academic degrees. 
Eventually, this influence was extended 
to other Latin American republics — but 
in Peru alone, 10 student trainees received 
their degrees based on scientific investi- 
gations related to subjects on the applica- 
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tion of chemistry to occupational health 
problems. 

12. Of the latter, one trainee prepared 
two theses including an advanced degree 
publication; another recently obtained a 
Ph. D. in Chemistry at an American uni- 
versity; whereas, a third became Acting 
Chancellor and Dean of the Chemistry 
Faculty at his former university in 
Colombia. These unexpected side-effects 
arc a bonus that could not have been 
anticipated but are of such a nature that 
they perhaps constitute a more revealing, 
unbiased measurement of the contribu- 
tion made by technical assistance to the 
development of the growing Peruvian 
nation. Thus the simple availability of 
instrumentation and guidance to a small 
number of essentially self-educated tech- 
nicians provided the impetus for the cre- 
ation of a cadre of professionally trained 
scientific personnel— personnel essential 
to the institution of the industrial hygiene 
program, both in Peru and other Latin 
American republics. 

13. Subsequently, one of us (ASL) 
taught elementary courses in instrumen- 
tation at San Marcos University and such 
activity catalyzed the development of a 
university contract in chemistry between 
this University and the University of New 
Hampshire. The implementation of this 
project has resulted in an assured source 
of highly trained chemists, not only for 
the field of occupational health, but also 
for industry in general. The second 
author is still actively associated with this 
undertaking, as an assistant professor at 
San Marcos. 

14. The basic training philosophy, orig- 
inally introduced in Peru by the advisor, 
but subsequently extended to six other 
Latin republics, involved the utilization 
of two instruments as the core around 
which the industrial hygiene chemical 



laboratory was built. Thus, polaro- 
graphic techniques were used for the 
analyses of atmospheric samples, and 
spectrophotometric methods were 
adopted for biological materials. The 
principal objectives were: lower analytical 
costs, known limits of accuracy, stand- 
ardization of techniques, and ease of sam- 
ple manipulation. This is especially from 
the viewpoint of having concentration 
ranges in the final solutions that could 
be expected to fall well within the optimal 
values for the instrument in question. 

I 5* Therefore, it was not necessary to 
aliquot atmospheric samples since the 
sensitivity response of the polarograph 
could be selected at will to permit the 
determination of toxic constituents up to 
15 times the threshold limits, as in the 
case of lead (2). Similarly, in most in- 
stances, the spectrophotometric method 
permitted the analyses of 4-40 micro- 
grams of lead per 10 grams of blood 
within an established confidence limits 
but without having to concentrate this 
element. 

16. A later additional benefit derived 
from the laboratory design and training 
techmque was ttoe facility of obtaining 
inter-laboratory evalautions of accuracy 
and precision — since operational param- 
eters for the instrumentation (identical 
in all Latin American Occupatio na l 
Health laboratories), and analytical pro- 
cedures were established in the Peruvian 
laboratory, which served as a base of 
operations. Further, each new trainee, 
whether Peruvian or otherwise, spent 6 
to 12 months in training using a mono- 
graph (3) that served as a standard refer- 
ence source since no other literature of 
such a nature existed in Spanish. 

17. The procedural approach men- 
tioned was feasible since the problems 
that existed in the various Latin Ameri- 
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] can countries were generally common to 
all of them. For example, as shown in 
figure I, two major analyses were lead 
in atmospheric or biological samples, and 
j quartz in respirable dusts. The occu- 

pational hazard from the latter constitu- 
ent was one of the critical Peruvian prob- 
lems in 1950 (there was a 13 percent 
incidence of silicosis among miners which 
was reduced to 5.4 percent in i960). It 
should be noted, however, that another 
South American republic still has a 
serious silicosis exposure that imposes a 
burden on its national budget for indem- 
nification and medical care for its miners, 
] plus other hidden costs, especially in 

j terms of lost productivity and decimation 

of its pool of experienced human 
I resources. 

I 18. The scope and volume of analyses 

1 for lead and quartz warranted an effort 
to keep the respective methods under 
statistical control. This was considered 
important because: (a) human lives were 
involved in the decisions made from the 
i analytical results, and (b) the statistical 

] techniques, within their recognized limi- 

tations, can serve exceedingly well as an 
unbiased tool in the evaluation of po- 
tential procedure precision, individual 
chemists' accuracy, overall laboratory 
analytical shortcomings, and pin-point 
possible combinations of deficiencies in 
methodology that might otherwise escape 
rapid detection. The results of such 
investigations are described later in this 
paper, but the quantitative implications 
are evident from figure II. 

19. The monograph mentioned previ- 
ously covered three distinct areas of the 
technical and scientific literature as re- 
lated to the chemistry of occupational 
health, namely: (a) theoretical and prac- 
tical aspects of the required instrumen- 
tation, with emphasis on polarography 



and spectrophotometry; (b) supporting 
information such as: bibliography and 
relevant techniques for the development 
of an appropriate cross-indexed catalog 
system; forms for tabulation of data; mod- 
ern, applicable statistical analysis meth- 
ods, including control charts and rejec- 
tion of data criteria; safety in the labora- 
tory; and, (c) detailed analytical 
procedures. 

20. The latter were well established 



and from the scientific literature (or based f 

on original publications) translated into 
Spanish. After extensive use in the j 

Peruvian laboratory, these "recommended l 



methods” were mimeographed and dis- 
tributed to former trainees as well as to 
collaborating laboratories in the United 
States and abroad. All were written in 
a format which included the following 
categories: a code number— for the in- 
terlaboratory identification of standard 
curves, stock solutions, and related 
evaluation samples; title, revision date(s), 
references, theory of method, apparatus 
needed with illustrative drawing showing 
catalog numbers for positive identifica- 
tion of components; reagents (and special 
preparation technique if advisable), de- 
tailed procedure— both for initial han- 
dling of sample and later steps; sampling 
method suggested, and precautions or 
relevant notes. 

21. Based on the experience in Peru, 
it may be concluded that the development 
of appropriate technical literature, in the 
native language of the potential trainee, 
is one of the factors that can contribute 
to relatively rapid progress in establish- 
ing a cadre of scientific personnel. Ac- 
cessibility to adequate instrumentation, 
coupled with the fairly long term avail- 
ability of a bilingual advisor are other 
crucial facets of the technical assistance 
ecology. The value of this combination 
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of factors was also amply demonstrated 
in the training of industrial hygiene 
chemists for the various other Latin 
American Republics. 

22. Success of the training operation 
also hinges, obviously, on the caliber of 
the candidates one can attract into the 
discipline. The initial phase of the ac- 
tivity is the most hazardous period since 
there may be strong hesitancy to embark 
on a possible career that is not established 
professionally and therefore, appears to 
have no immediately visible, widespread 
employment potential. Such a situation 
is probably unique to the less-developed 
countries but may also arise in the emerg- 
ing nations — if the occurrence in Peru 
may be projected. In the Latin American 
countries during 1948, it proved difficult 
to recruit engineers for training in in- 
dustrial hygiene. Conversely, the supply 
of chemists at that time exceeded the 
demand and consequently, an unusually 
good source of intelligent personnel was 
available for development. This fortui- 
tous situation greatly facilitated our task 
of developing this Peruvian corps of 
specialists in the chemistry of industrial 
hygiene. 

23. In respect to the other Latin Ameri- 
can Republics, a somewhat analogous pat- 
tern existed but due to differential rates 
of economic growth and other factors 
the degree of personnel turnover varied 
considerably from country to country. 
For example, in Colombia (and later in 
Brazil, Mexico) industry could offer 
much higher salaries than the govern- 
ment service — and therefore, trained per- 
sonnel in all categories migrated away 
from the program. However, in Peru 
a majority of the original trainees in 
chemistry (and other phases) are still 
employed by the Institute of Occupational 
Health. This may be attributed, we be- 



lieve, to several factors. Among these 
are relatively good salaries, modern in- 
strumentation, the possibility of doing 
some research, and perhaps the presence 
of an advisor who is interested in stimu- 
lating original thinking. Nevertheless 
every effort has been made to promote 
interest in the chemical phase of indus- 
trial hygiene. 

24. A successful technique, for attract- 
ing qualified personnel into the latter 
discipline, involved a combination of 
communication media. Among these 
were the presentation of papers at local 
or international congresses on chemistry 
(4) — with the collaboration of trainees 
as co-authors or otherwise, participation 
in national society meetings or sym- 
posiums (5), presentations at occupational 
health seminars (6), delivery of lectures 
at universities and meetings of other sci- 
entific disciplines (7), and press releases 
as the occasion presented itself. 

25. The last approach was feasible in 
one instance in Peru, when several deaths 
resulted from carbon monoxide poisoning 
on a trans-Andean bus. A short article 
in the local press by the acting director 
of the Department of Industrial Hygiene 
(explaining precautionary measures 
which should and could be taken to avoid 
such difficulties), resulted in several con- 
tacts. Among these was a well qualified 
engineer who later was hired and is still 
employed by the organization. Similar 
measures were utilized in other Latin 
American countries in conjunction with 
the regional consultation and training 
activities — and served as stimuli to the 
procurement of personnel. 

Expansion of Services in Latin 
America 

26. Beginning in 1950, interest in in- 
dustrial hygiene mushroomed in a spec- 
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tacular manner in various Latin coun- 
tries, including Bolivia, Brazil, Chile, 
Colombia, Mexico, and Venezuela. This 
trend was related to the promotional ac- 
tivities of the Institute of Inter-American 
Affairs, coupled with the awakening of 
these republics to the fact that so-called 
“cheap” labor was indeed the most expen- 
sive type of labor. 

27. Far sighted Latin leaders, perhaps 
under some social pressures, have enacted 
advanced legislation related to socioeco- 
nomic problems of their countries. 
“These laws, as good as they may seem, 
can actually be a great burden if there are 
no effective programs of prevention to re- 
duce the compensation which the laws 
provide. Also, laws can never compen- 
sate for health, or life, or loss of dignity 
when the worker is no longer a bread 
winner.” (8) However, the time be- 
tween the promulgation of the idealized 
theory, and the practical implementation 
of the respective social innovation can 
often be quite appreciable. The avail- 
ability of a cadre of highly trained, spe- 
cialized personnel (necessarily drawn 
from various disciplines — as is the case 
in occupational health), can reduce the 
time substantially. 

28. Regardless of the type of personnel 
required, the complicating factor through- 
out Latin America was the language 
barrier, since very few people at that time 
had an adequate command of English. 
In essence, therefore, this was repetition 
of one problem encountered in Peru — 
and in r'^w of the accomplishments men- 
tioned aoove, the logical conclusion was 
to utilize the Peruvian laboratory as a 
regional training center for chemists. 
Such an approach also fitted nicely into 
the distribution by background and ex- 
perience of the other five American con- 



sultants to the various Latin industrial 
hygiene programs. 

29. Since an engineer-advisor was es- 
sential in each program, but one chemist 
could readily service all the programs 
from one central location, only the ad- 
visor to the Peruvian program was 
employed as a consultant in the chemical, 
phase. Consequently, while several of 
the latter had backgrounds in industrial 
hygiene chemistry, each was able to de- 
vote full time to the engineering phase 
of the respective programs. The princi- 
pal objectives being to set up the programs 
and give industrial hygiene in-service 
training to the engineers. 

30. During the period of 1950-60, 28 
Latin Americans were trained in the 
micro-techniques of industrial hygiene, or 
more correcdy called occupational health 
chemistry. This was effected in Lima 
under the guidance of the advisor in close 
collaboration with the Peruvian Chief 
Chemist, and counterparts. Concurrendy 
wi h the regional training program, con- 
sultation visits were made by the senior 
author to various countries. A break- 
down of activities is given in table I. 

31. The major objectives of the visits 
were to design laboratories, solve special 
problems, demonstrate new techniques, 
verify the calibration of the instrumenta- 
tion, but especially to evaluate, by modern 
statistical procedures, the reliability of the 
former trainees' analytical techniques and 
results — since the latter information was 
critical to the discovery of occupational 
hazards and/or the diagnoses of health 
impairment by toxic constituents in the 
workers’ environment. In view of the 
obvious importance of such an activity, 
the means utilized are discussed in 
greater details in the following section. 
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Table i. Description of regional training and consultation activities in Latin America 



Trainees 


Consultation visits, dates (and number 
in year) 


Active 


Total 


0 


2 


1949, 1953(2), 1955(2), 1957, 1960. . . . 


*3 


4 


1952, 1953, 1954, 1955, 1957, 1960. .. . 


1 


3 


1953, 1954, 1955, 1958(2), I960 


1 

0 


2 

1 


1953, 1954, 1956, 1958, 1960 

1958 1960 


0 


2 


ayw a 

1955 


1 


1 




1 


1 




**10 


12 


Headquarters, 1948-60 


17 


28 





Country 



Bolivia. . . 
Brazil. . . . 
Colombia. 

Chile 

Venezuela. 
Mexico. . . 
Uruguay. . 
(U.S.A.)** 
Peru 



Grand total. 



Total 
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eng^r ' mpl0) ' ed fa ' he V ° iai Saa >- ”«•>“ i« Venezuela, and ,he third I, 

***Short-term in-service training in chemical techniques for ICA engineer. 



5 

2 

1 
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Inter-laboratory Evaluation 
Program 

3 2 * Since it is impossible to submit a 
given sample to an absolutely identical 
series of operations in replicate analyses”, 
as mentioned by Landry (9), “the alter- 
nate goal is to eliminate assignable causes 
of error such as inadequate control of 
certain variables, poorly calibrated instru- 
ments, or possibly unrecognized careless- 
ness on the part of the chemist— and thus 
assure that the remaining sources of varia- 
tion in the data are of a random nature.” 

33 * Tn addition, when a new method 
is being used in a related group of labora- 
tories or recendy indoctrinated scientific 
personnel are initiating their labor in a 
given discipline, it is of considerable 
value to the scientists involved, as well as 
to the directors of the corresponding pro- 
grams, to have a yardstick to measure 
the reproducibility and accuracy of the 
analytical results reported.” 



34. The use of stadsdes permits the 
attainment of the latter objectives but 
the ultimate goal is to udlize the feasi- 
bility of basing conclusions on data ob- 
tained in a planned analydeal program. 
Thus, any potential variation in the re- 
sults (due to causes beyond the control 
of the chemist) fall, with a preselected 
probability, within certain established 
limits. 

35. As cited in a previous paper (9), 
this philosophy of analytical control was 
implemented in the Latin American 
sphere of occupational health activities. 
The results obtained are reiterated in this 
presentation as documentary evidence. 
Thus, it should be fairly evident that the 
recommendations made in the paper just 
mentioned are also readily applicable to 
other disciplines being introduced into 
less developed or emerging nations. 

36* Based on the analytical workload 
of six laboratories (including the Peru- 
vian training center), and as illustrated 
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Table 2. Results obtained by the various Latin American occupational health 
laboratories on three synthetic mineral mixtures 



Lab. 


1 


Samp It 

Quarts in m moral, % 


3 


Total 


Lab. an. 


A 


20.09 


52.46 


76.73 








19.89 


52.35 


76.31 








20.43 


51.99 


76.52 








Total 60.41 


156.71 


229.56 


446.68 






ave. 20.136 


52.236 


76.520 




49.631 


B 


18.41 


51.03 


75.08 








18.07 


50. 81 


73.61 








18.35 


51.38 


74.65 








Total 54.83 


153.22 


223.34 


431.39 






ave. 18.276 


51.073 


74.446 




47.932 


C 


22.08 


53.13 


79.33 








21.55 


54.71 


79.00 








22.62 


54.55 


80.93 








Total 66.25 


162.39 


239.26 


467.90 






ave. 22.083 


54.130 


79.753 




51.989 


D 


18.58 


51.89 


77.70 








18.70 


52.57 


78.19 








18.10 


52.07 


78.11 








Total 55.38 


156.53 


234.00 


445.91 






ave. 18. 460 


52.176 


78.000 




49.545 


E 


18.59 


51.72 


77.57 








18.57 


51.73 


76.93 








18.62 


51.77 


76.93 








Total 55.78 


155.22 


231.43 


442.43 






ave. 18.593 


51.740 


77.143 




49.159 


F 


17.47 


46.66 


70.72 








17.42 


47.18 


71.40 








17.03 


46.89 


71.07 








Total 51.92 


140.73 


213.19 


405.84 






ave. 17.306 


46.910 


71.063 




45.093 


G 


18.79 


52.08 


76.93 








18.83 


51.81 


76.93 








18.75 


52.06 


76.97 








Total 56.37 


155.95 


230.83 


443.15 






ave. 18.790 


51.983 


76.943 




49.239 
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Table 2 . Results obtained by the various Latin American occupational health 
laboratories on three synthetic mineral mixtures— continued 







Sample 




Lab. 


1 


2 


3 




Quartz in mineral, % 




H 


18.34 


51.23 


76. 11 




18.35 


51.38 


76.54 




18.63 


51.31 


76.09 


Total 


55.32 


153.92 


228.74 


ave. 


18.440 


51.306 


76.246 






Excluding laboratory F 


Grand total 


404.34 


1093.94 


1617. 16 


Grand average 


19.254 


52.093 


77.008 



Total 



437.98 



3115.44 



Lab. avt. 



48.664 



49.451 



in figure II, interlaboratory evaluations 
of accuracy were effected for only two 
toxic constituents, lead and quartz. 

37. Insofar as the quartz method was 
concerned, a synthetic mixture composed 
of orthodase, oligoclase, and quartz of 
known purity was ground to 200 mesh 
and mixed thoroughly. Three concen- 
tration levds were prepared and sufficient 
quantities, quartered individually, were 
distributed to eight laboratories for 
analyses in triplicate by the method of 
Talvitie (10). Only original data, tabu- 
lated directly on special forms provided 
to the collaborating laboratories, and 
given in table 2, was submitted to the 
statistical analyses procedure outlined by 
McArthur et al. (n). 

38. No wild results were found but 
sample averages differed more between 
laboratories than would normally be ex- 
pected from replicate measurements — 
possibly due to intentional sequential 
analyses. Variance tests indicated that 
one laboratory was out of control, statis- 
tically speaking; whereas, another’s data 
had to be discarded because the re- 
producibility was too good, i.e., it demon- 
strated an unusually low variance and 
therefore could not be compared to the 



data from the other collaborating labora- 
tories. The difficulty in the first case was 
traced to an unsuspected and unwar- 
ranted modification in the technique in- 
stituted by the chemist at his own discre- 
tion. Consequently, positive benefits of 
the statistical evaluation are self-evident 
because a laboratory having difficulties 
with the procedure can be localized in 
an unbiased manner. 

39. The analysis of variance data 
shown in table 3 indicated that there was 
an interaction effect. This suggests the 
need for additional work to ascertain why 
there is an interplay of experimental fac- 
tors. Nevertheless, based on the refined 
data, a working approximation of the 
repeatability and reproducibility that 
may be expected from this procedure is 
available from a partition of variance 
components. The respective values were 
± 1.74 percent and ± 0.61 percent. Con- 
sequently, since quartz contents of 
etiological significance are tabulated at 
5 percent and greater for 200 mesh ma- 
terial, it is evident that Talvitie’s method 
permits the evaluation of this toxic con- 
stituent with adequate precision to as- 
certain the potential hazard involved, 
within the limitations inherent to the 
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Tablb 3. Analysis of variance in quarto determination (five laboratories , excluding 

C, F and G) 



Source 


Sum of 
squares 


Degrees of 
freedom 


Mean 

square 


F 


Between samples 


25127.51 

17.76 

n VI 


7 


12563.76 

4.44 

1.66 

0.095 




Between laboratories, Vj, 


mm 

A 


• 2.67 
•*17.47 


Interaction, Vi 


4 

0 


Replicates, Vo 


2.85 


0 

30 






Total 


25161.42 


44 













•Not highly significant, F. w ( 4 , 8) =7.01 
•♦Highly significant, F.„ (8, 30)=3.17 

Table 4. Results obtained by five Latin American occupational health laboratories 

the determination of lead in blood 
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A 


B 


C 


E 


G 


5.9 


4.4 


3.0 


4.0 


4.1 


5.9 


5.5 


3.8 


3.8 


4.1 


5.5 


3.5 


4.0 


3.7 


4.1 


ave. 5.77 


4.47 


3.60 


3.83 


4.10 


9.3 


7.7 


7.9 


7.5 


7.9 


8.8 


8.4 


7.4 


8.1 


8.3 


9.2 


*0.8) 


7.7 


7.9 


8.5 


ave. 9. 10 


8.05 


7.67 


7.83 


8.23 


11.1 


11.4 


12.3 


11.8 


11.9 


12.9 


11.7 


12.3 


12.4 


12.6 


12.9 


11.0 


12.3 


12.3 


12.3 


ave. 12. 30 


11.37 


12.30 


12.17 


12.27 


15.7 


16.2 


16.2 


16.1 


16.4 


17.0 


17.9 


16.0 


15.7 


16.2 


16.2 


18.0 


17.1 


15.9 


16.3 


ave. 16. 30 


17.37 


16.43 


15.90 


16.30 


21.2 


22.2 


20.5 


20.3 


20.7 


21.4 


22.7 


18.4 


19.8 


20.4 


20.2 


21.7 


20.0 


19.8 


21.4 


ave. 20. 93 


22.20 


19.63 


19.97 


20.83 



•This value was discarded and replaced by the average. 
••Excluding data from laboratories A and B. 
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3.84 



7.91 



12.23 



12.0 



16.21 



16.0 



20.14 



20.0 
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usual sampling technique utilized (so 
called setded dust or rafter samples). 

40. A series of blood samples, prepared 
in random order from citratcd whole 
blood by the addition of known volumes 
of a standard lead solution (prepared 
from a common stock solution), were 
analyzed in random order in five Latin 
countries by the method of Bambach and 
Burkey (12). The resulting data are 
given in table 4, and the joint confidence 
ellipse parameters for the individual lab- 
oratories were calculated according to the 
technique of Mandel and Linning (13). 

41. Figure m which was constructed 
from the latter data may be interpreted 
to mean that three of the five laboratories 
tested had “blanks” and standard curve 
“slopes” which were compatible. The 
respective data could, therefore, be 
“pooled” to construct a least-squares 
standard curve to serve as a reference 
model for the collaborating laboratories. 
Conversely, any data that fell outside the 
ellipse indicated the need for further in- 
vestigations to ascertain the relevant rea- 
sons. Other statistical conclusions can 
also be reached from the complete data of 
the study. 

Observations on the Present Scope 
of the Operation 

42. Since July i960, when consultation 
in the chemistry of occupational health 
was phased out, the individual labora- 
tories have been operating independently 
and without centralized direct supervi- 
sion. This was the ultimate objective 
but such an approach suffers from a basic 
weakness. This is essentially related to 
the termination of inter-laboratory evalu- 
ation of accuracy and precision. An ap- 
propriate mechanism (possibly within an 
organization such as the UN, AID, or 



OAS) was suggested but not imple- 
mented as yet. It is to be hoped that the 
appropriate action will be initiated in 
the near future. The timeliness is evi- 
dent from the inter-laboratory evaluation 
data reported and the turnover in person- 
nel as related to securing of meaningful 
data that is a prerequisite to reaching con- 
clusions and decisions involving human 
lives. 

43. Investigations concerning the de- 
velopment or modification of analytical 
procedures have continued, at least in the 
Peruvian laboratory. However, a major 
shortcoming is the lack of publication in 
the American and foreign scientific litera- 
ture. Admittedly, the Institute of Occu- 
pational Health in Lima publishes its 
own tri-monthly “house organ” (with 
articles on new methods, surveys, etc.) 
but the distribution is necessarily limited 
in nature as compared to full-fledged 
scientific journals. This is an area that 
requires deserved attention because the 
staff of the Institute is capable of doing 
some original thinking and these ideas 
should be disseminated. 

44. A commendable facet of the pres- 
ent operation is the inter-country collab- 
orative effort between the emerging na- 
tions or less developed countries. Thus, 
the Peruvian laboratory has continued to 
train chemists from other countries, nota- 
bly Bolivia and Colombia, but this mech- 
anism is also losing some of its impetus. 
The collaboration of the multilateral 
agencies mentioned above could greatly 
augment the scope of this operation. 

Recommendations for the Transfer 
of Experience to Less Developed or 
Emerging Nations: 

45. The following steps are suggested 
as potential criteria for applying the 
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; latest advances in science and technology 

in the less developed areas of the world. 

(a) Any candidate for training in a 
given specialty should be selected by com- 
petitive examination and given prelimi- 
nary in-service observation to ascertain 
scientific, administrative and/or leader- 
ship qualities. Unsuitable personnel 
should be discharged at this stage of the 

1 operation. 

(b) Trainees that demonstrate superior 
talent should eventually be given an op- 

• portunity for advanced study abroad, i.e., 

in the United States, Europe, or in a 
neighboring third country — but only after 
having been continually employed by the 

’ organization for at least 15-24 months. 

1 (c) The consultant to the specific pro- 

gram should be fluent in the language of 
the country, tend to be an extrovert with 
a diplomatic approach to the solution of 
j the major problems to be encountered, 

j and keep abreast of the latest develop- 

j ments in his specialty. This would in* 

I dude continuous, periodic publication in 

! the respective literature and attendance 

I at international meetings (accompanied 

] insofar as possible by his understudy in 

| the host country) rdated to his major 

| fidd of interest 

] (d) Once a cadre of specialists has 

I been developed, the formation of a pro- 

I fessional scientific sodety should be un- 

j dertaken. The latter should be dedicated 

| to promoting the expansion and devdop- 

\ ment of the respective disdpline. Such 

I action tends to create a cohesive force 

j and draw the young professionals to- 

j gether for more concentrated creative 

| thinking and productivity. 






(e) The establishment of a regional 
center, to provide up-to-date technical 
backstopping to the components of the 
new discipline, is strongly recommended. 

This fadlity, possibly having expensive 
equipment for common usage to effect 
economy, would permit inter-country 
collaboration between neighboring na- 
tions that are in a similar state of devd- 
opment. Financing and maintenance 

could well be a noble project for a multi- j 

lateral agency. I 

(f) As soon as the analytical volume | 

warrants the effort, a system of inter- j 

country evaluation of accuracy and pre- 

cision of the laboratory results obtained [ 

should be instituted. Such activity instills f 

confidence in the recently trained per- 
sonnel and gives the director of the oper- j 

ation an unbiased tool to ascertain prog- 
ress as wdl as hdp guarantee the validity 
of the data reported. This is especially 
relevant where human lives may hang 
in the balance insofar as action to be 1; 

take n on the basis of the analysis 

effected. | 

(g) The continual development of new | 

methods, and publication in international | 

scientific journals are also important & 

facets of the discipline’s evolution with | 

optimal efficiency and scope. \ 

4 6. In conclusion, the results outlined j 

in this paper perhaps constitute a tangible » 

measurement of the contribution made | 

by the cooperative efforts of native and l 

foreign specialists aided by United States | 

technicians— and the modus operandi, as j 

outlined in the recommendations, is still 
applicable today in other less-developed 
or emerging nations. 
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Figure III. Joint confidence ellipse for the determination of lead in blood ( 4.0 to ao micrograms 
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Women in the Labor Force’ 



Mrs. Esther Peterson 
Assistant Secretary of Labor 
U.S. Department of Labor 
Washington, D.C. 



1. The position of women in a society 
has long been considered an index to its 
degree of civilization. For the most part 
this concept relates to the legal and social 
status of women and their acceptance by 
men as partners in life rather than merely 
as chattels, servants or bearers of children. 
Historically, the ancient civilizations 
where women were held in esteem as 
persons were usually the societies which 
contributed greatly to advances in knowl- 
edge, the arts, and social and political 
organization. In Babylon under Ham- 
murabi, in Egypt under the Pharaohs, in 
Rome during the height of the Empire, 
women enjoyed extensive property rights, 
personal freedom and education, rights 
which were generally lost to them during 
the Middle Ages. Many of these rights 
were re-won in modern times only with 
the emergence of industrialized societies. 

2. It is a matter of pride to Americans 
that the new spirit of freedom and inde- 
pendence generated by the settlement of 
North America also stimulated those 
movements in the 19th century which 
have produced so many personal, political 
and economic gains for women in the 
United States. If one can apply the term 
"export” to intangibles, it is certainly 
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dear that these ideas of woman’s rightful 
place in modern society have constituted 
an important part of our foreign trade to 
many parts of the world. Today the 
women of the Far East and of Africa are 
throwing their intelligence and energies 
into the improvement of women’s posi- 
tion and thereby the well-being of all in 
their own newly developing countries. 

3. It would be a difficult matter to 
prove that industrialization per se has 
"caused” the change in women’s status in 
the world. Nevertheless it is dear that 
her political rights, her sodal status and 
her freedom to conduct hersdf as an in- 
dependent and responsible person have 
developed since machines began in an 
important way to take the place of hands 
in the production of goods, and since agri- 
culture fdl heir to technology in the pro- 
duction of food. To these revolutionary 
devdopments in human living and eco- 
nomic enrichment women have made and 
are continuing to make great contribu- 
tions. Indeed it would be hard to imag- 
ine how an industrial sodety, wherever 
located in the world, could function with- 
out the participation of women as em- 
ployees. Their special aptitudes for cer- 
tain kinds of work, the sheer need for 
their numbers, as well as other potent 
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factors, make them indispensable in an 
expanding modern economy. 

4. In a paper this brief, it would be 
impossible either to traverse the history 
of women’s employment or to describe 
in detail the present participation of wom- 
en in the labor force throughout the 
world. The particulars vary substantial- 
ly. Even among the industralized coun- 
tries the proportions of women in paid 
employment outside the home differ 
greatly. In the United States, for exam- 
ple, one-third of our labor force is wom- 
en, in the USSR it is over half, whereas 
in the Netherlands it is only 15 percent. 
Occupational distributions also vary. Al- 
though, for example, women are about 
three-fourths of all teachers in elementary 
and secondary schools in both the United 
States and USSR, three-fourths of all 
Russian doctors are women, compared 
with 6 percent in the United States. On 
the other hand, women are close to three- 
fifths of all agricultural workers in Rus- 
sia coi. *>ared with only one-fifth in the 
United States. In many of the newly 
evolving countries, too, a substantial body 
of agricultural work continues to be 
done by women, as has been traditional 
throughout recorded history. Indeed, 
archeologists generally give credit to 
women for “civilizing” wild grains, 
thereby giving birth to domestic agricul- 
ture itself, and consequently to the estab- 
lishment of settled communities. De- 
velopment of human society has come a 
long way since then, but it is well to re- 
member that it was the acuity of women 
and their labor in the fields that brought 
man his first bread. 

5. The most useful perspective on the 
subject of women’s work in the U.S. in- 
cluding its social and cultural as well 
as its economic implications, can be 
achieved by tracing the progress of wom- 



en to their present strategic position in 
the country’s labor force. Perhaps a not- 
too-well recognized fact in our national 
history is that, with the first settlements 
on the North American continent, women 
shouldered the burdens of conquering a 
wilderness equally with the men. There 
were no sources of supply for food or 
clothing or shelter, other than in the new 
land and in the hands and sinews of the 
setders themselves. The shops and farms 
of Europe were 3,000 dangerous miles 
away, across a forbidding sea. 

6. In order to eat, corn and grain had 
to be planted and' "harvested, wild meat 
and fish preserved against the winter; 
material for clothing had to be woven 
from flax and wool, and garments fash- 
ioned; children had to be raised and 
schooled. These tasks fell largely to the 
women while the men felled trees, built 
houses, hunted game, made the laws, 
and protected the meager settlements. In- 
deed, women often took up the rifle to 
strengthen the defense. There was in- 
sufficient time and insufficient labor to 
permit women to be kept out of the basic 
tasks of the endeavor to build a new na- 
tion. And out of this cooperative eco- 
nomic effort women developed a sense 
of their own value as workers and part- 
ners which helped them later to win 
recognition of their entidement to equal 
status with men as individuals and 
cidzens. 

The World of Women’s Work in 
the United States 

7. As early as the 1830’s the unusual 
quality of women in the United States 
was noted by that sensitive observer of 
social customs, the Frenchman Alexis de 
Tocqueville. In his book Democracy in 
America he wrote, “I do not hesitate to 
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avow that — 1 have nowhere seen women 
occupying a loftier position; and if I 
were asked — to what the singular pros- 
perity and growing strength of that peo- 
ple ought mainly to be attributed; I 
should reply — to the superiority of their 
women.” By the time of de Tocqueville’s 
observation, the textile industry had been 
established for some years in New Eng- 
land and already was drawing upon the 
young women in the rural areas for its 
labor supply. The heart of the matter, 
and the opening door to a new world of 
opportunity for women, was the fact that 
male labor was in short supply. Vast 
untouched lands lay to the West; the 
men went out to them; New England’s 
unattached daughters went into the mills 
at home. This illustrates how in our 
early history women responded to indus- 
try’s need for workers. Industrial lead- 
ers of the time extolled the merits of 
female employment. To it they attrib- 
uted an improvement in morals, a re- 
duction in idleness and dependency, and 
greater financial security for women; in 
short, a good thing all around. 

8. Later, when women demanded the 
right to vote, they were often branded, 
as irresponsible and immoral for this 
ambition, but the long record of their eco- 
nomic contribution to the country’s de- 
velopment as paid workers was among 
the most effective arguments for their 
political enfranchisement. 

9 * Today there are 24 million women 
in the United States labor force, consti- 
tuting one-third of the total, and 36 per- 
cent of all women of working age (14 
years and over). The female work force 
is older than it used to be. Half of our 
working women are more than 40 years 
of age; almost two-fifths are 45 or older. 
Over half our women workers are mar- 
ried and living with their husbands; and 



of all married women in the population, 
one-third are working in paid employ- 
ment. Of course, much higher propor- 
tions of single women work— over 75 
percent 

10. Women are employed in every 
major occupational group and in almost 
every one of the hundreds of specific 
occupations in the economy. Indeed 
there are few jobs left that are exclusively 
men s jobs. In some, of course, only 
a few women are to be found. These 
are the extremely heavy or hazardous 
ones like stevedoring, or astronauting. 
Most women who work are employees, 
but several hundred thousand run busi- 
nesses of their own. More and more are 
entering professional and technical em- 
ployment, of which teaching and nursing 
claim the highest proportions, but even 
greater numbers earn their living as 
clerical and office workers, operatives in 
factories and as service workers outside 
of private households. 

11. Since 1940, the proportion of 
women among all employed workers has 
increased from one-fourth to one-third. 
Present projections indicate that women 
will constitute almost half the net in- 
crease in the total United States labor 
force at the end of the present decade. 
Their current participation in various 
occupational groups varies, of course, but 
over the past twenty years they have 
gained a far greater share than men of 
the increased employment in all the 
fastest growing occupations except the 
professional group. Their place has 
risen from 11 to almost 15 percent of all 
managerial jobs; from 54 to 68 percent 
of all clerical; from 26 to 36 percent of 
all sales; and from 3a to 52 percent of 
all service jobs outside of private house- 
holds. Only among professional work- 
ers and factory operatives have their pro- 






portions remained unchanged since 
1940 — around two-fifths of all profession- 
als and one-fourth cf the factory group. 

12. Although women need to make 
much more progress in professional and 
technical work, the changes in their oc- 
cupational attachments indicate that they 
are succeeding in moving out of the more 
menial and poorly paid work into oc- •, 
cupations requiring more skill and edu- 
cation, and offering them more dignity. 
They are thus demonstrating their ability 
to advance with our times, wherein jobs 
requiring higher skills and more educa- 
tion are expanding faster than others. 

Legislation Governing Women's 
Employment 

13* The path to today’s achievements 
by women in the working world in the 
United States has not been an easy one. 
It is no exaggeration to say that for many, 
many years their labor was exploited — 
their hours of work, in factories especially, 
were long and often extended far into 
the night; their pay was very low com- 
pared with that of men; there was little 
concern for their health or their safety in 
the work surroundings. The abuses of 
the unregulated industrial homework sys- 
tem, wherein whole families were em- 
ployed, including women and young chil- 
dren, were so great as to constitute a dis- 
grace to the Nation's rapidly expanding 
nondurable goods industries. Even in the 
one professional occupation in which 
wotr.-n were more fully accepted, the 
teaching of young children, their personal 
lives were constantly subject to the scru- 
tiny of local school boards. 

14. Eventually, the Nation’s social con- 
science responded to the challenge of 
widespread substandard working condi- 
tions. Today, after a century of develop- 



ment, each of the 50 States, the District 
of Columbia and Puerto Rico have laws 
relating to the employment of women. In 
1962 almost all of our States have estab- 
lished standards of maximum daily or 
weekly hours for women, and a number 
of them have laws establishing a day of 
rest, meal periods and regulation of night- 
work. The exact provisions vary and 
indeed there is some disagreement as to 
whether some, particularly nightwork 
provisions, may not be too restrictive, pos- 
sibly an anachronism in the modern 
world. But our population generally sup- 
ports legislation on hours of work that 
will protect health, insure the opportu- 
nity to carry out family obligations, and 
provide sufficient leisure. Many of these 
standards are now being observed gen- 
erally for all workers, irrespective of sex. 

15. The second step forward came in 
the area of minimum wages. In the late 
19th century and in the first decade of the 
20th, wages paid to women were generally 
so pitifully low as to fail to provide them 
a living wage. Absence of wage payment 
laws often cheated workers, men as well 
as women, even of the pittance they had 
earned. 

16. Arguments for a decent minimum 
wage for all workers fell on barren soil, 
but the arguments in behalf of a mini- 
mum wage for women, “to protect their 
health and morals" eventually won re- 
sponse. In 1912, the State of Massachu- 
setts passed the first minimum wage law. 
In 1962, 35 jurisdictions provide for the 
establishment of minimum wages for 
women, covering a variety of occupations, 
and using various kinds of procedures. 
In some States men are covered as well. 
Of course, the national Fair Labor Stand- 
ards Act applies equally to both sexes. 
Its passage, in 1938, reflected the yeoman 
service performed by State legislation in 
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the prior 25 years in educating the public 
and employers to the value of a floor 
for wages below which no worker could 
be hired. 

17. The great unfinished business of 
today’s working women in the United 
States is to get overall legislation in the 
field of equal pay. True, 22 States do 
have such legislation, establishing the 
principle of payment of “rate for the job,” 
irrespective of sex. World War II stimu- 
lated legislation of this kind because of 
the devoted work of women in our war 
production industries and in the myriad 
of services previously performed by men. 
In the autumn of 1962 national legisla- 
tion providing for equitable wage treat- 
ment for women workers made more 
headway in the Congress than ever be- 
fore. Meanwhile, over the past two 
decades, trade unions and women’s or- 
ganizations have kept up an educational 
campaign on this front. As a result, many 
employers have voluntarily recognized 
the fundamental justice of the principle 
of equal pay and have moved to discard 
their earlier inequitable pay practices. 

18. American legislative history in 
these areas of standards for women work- 
ers carries a lesson for the newly emerg- 
ing nations. Their womanpower will be 
needed to hasten their development, but 
their womanpower cannot attain its great- 
est industrial productivity unless reason- 
able standards for working conditions 
prevail from the very beginning. Our 
history of struggle, and that of other, 
great industrial nations, should be con- 
vincing. These principles are recognized, 
too, in the resolutions and recommenda- 
tions of the ILO. To the women of the 
new countries of Asia and Africa, we 
would say, “Don’t consent to repeat our 
struggles. Start, at nearly as you can, 
from the level we have reached.” It is 



not suggested that we in the United States 
have reached an ideal condition, and that 
we have nothing more to do, but at least 
we have come some distance along the 
way. Trade unions, employers, civic 
groups all recognize that decent wages 
and working conditions and nondiscrimi- 
natory practices toward women are the 
sine qua non of a healthy and forward 
marching economy. 

The Pattern of Working Life of 
Women in the United States 

19. The life pattern of women in the 
U.S. has been substantially altered by the 
demand for their work as paid employees 
and their response to that demand. The 
modern pattern of women’s employment 
reflects not only a radical change in the 
attitudes of our culture in general over 
the past century and a quarter, but a 
change in the attitudes of women them- 
selves to work outside the home and to 
their total role in our society. 

20. Perhaps the best way to vignette 
this pattern, which has been developing 
over the past decade or so, is to start 
with the young girl just finishing school 
(in the United States most girls complete 
at least 4 years of high school). Most 
unmarried girls will then go to work, at 
age 17 or 18, unless they enter college. 
Within 3 or 4 years, most of these girls 
will marry. Some of them will stop 
working for pay in order to get a new 
home organized, but a majority will con- 
tinue to work. By keeping her job a 
young wife may help put her husband 
through school, may make it possible for 
them to buy a home, a new automobile 
or the labor-saving equipment that 
modern industry produces in such abun- 
dance. But there is another, more basic 
motive underlying the derision of many 
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women, especially those who are highly 
educated and career-minded, to work 
after marriage. It is a desire to have a 
rounded, complete life in which they can 
achieve a sense of participation in and 
contribution to every phase of our na- 
tional life. 

2i. When the first baby arrives, how- 
ever, the vast majority of young mothers 
give up their jobs and remain out of the 
labor market until their youngest child 
is old enough to go to school. It is true 
that as many as one in seven women 
with preschool-age children do continue 
to work, many because of economic neces- 
sity, but the general pattern is that the 
a gc group 25-34 supplies the lowest pro- 
portion of women workers. Here, again, 
the woman has a choice. Even though 
there is no great economic need, if the 
mother feels she can make a greater con- 
tribution by providing capable care for 
her children and continuing work, she 
may well do so. 

22. In the majority of cases the trek 
of mothers back to paid employment be- 
gins when the youngest child no longer 
needs constant care. This usually hap- 
pens when the women are approaching 
their middle thirties, after they have been 
non-wage earners for about 8 to 10 years. 
Once back, the tendency is for them to 
remain in the labor force, perhaps not 
continuously, but certainly for a sub- 
stantial proportion of their years to age 
65. By 1970, nearly half of all women 
between 35 and 65 probably will be 
either working or looking for work. Un- 
less things change radically and unex- 
pectedly in the years ahead, the highest 
labor force participation rate will be 
among women aged 45 to 54. 

23. These comments have concentrated 
on the life pattern of married women be- 
cause they will be in the vast majority. 



But for the small proportion of women 
who remain single, the length of working 
life will be little different from that of 
men. Since most single women must 
support themselves, and often parents or 
other relatives, they must continue to hold 
a job. In summary, the “work-life ex- 
pectancy, as it is often referred to, looks 
like this for women: For single women, 
40 years at work; for childless married 
women, 31 years, and for married women 
with children who do decide to reenter 
the work force, a discontinuous total of 
27 years, or about 4 years before marriage 
and 23 years after. For women who are 
widowed, divorced, or separated from 
their husbands (22 percent of the female 
labor force in i960) the pattern of work- 
ing life, once they reenter paid employ- 
ment, becomes more nearly like that of 
the single woman. 

24. Within this general overall pattern 
there is great variety, and one should not 
assume that this will be the life story of 
every girl in the United States. Some, a 
relatively small proportion, marry and 
go direedy into homemaking without any 
period of paid employment, and never 
do actually get into the labor force at any 
time in their fives. Another group, which 
seems to be getting smaller all the time, 
are the women who leave their jobs when 
they marry or have their first child, and 
never return to paid employment after- 
ward. Lest you think these situations 
mean a cloistered, utterly domestic life, 
let me hasten to add that many of these 
women make an important contribution 
outside their homes through volunteer 
work in civic, political, educational or 
artistic fields, without which community 
life in the United States would indeed 
be poorer. But this type of work, because 
unpaid, does not qualify these women 
to be counted as members of the .labor 
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force. Many women in paid employ- 
ment also participate in these volunteer 
groups, but their available time for such 
activities is obviously more limited. 

25. At the opposite end of the scale 
are the married women who follow what 
has been called a “double track” arrange- 
ment of both homemaking and employ- 
ment, wherein the continuity of work is 
interrupted briefly for the birth of chil- 
dren, after which the woman returns to 
work. This pattern is characteristic of 
many women who have had specialized 
professional training, such as doctors or 
government officials, and at the opposite 
end of the economic spectrum, the women 
in low income families who must con- 
tinue to work to assure the essentials of 
living for their families, even though 
a husband may also be present. 

26. For most of our history in the 
United States, indeed until well into the 
present century, the indigenous culture 
frowned upon the idea of a married 
woman working outside her home. A 
young man was considered improvident 
and undesirable, and a young girl foolish 
to consider him as a husband, unless he 
was able to support her and their chil- 
dren without her assistance through out- 
side work. But cultural patterns respond 
to economic and other changes, such as 
rapid acceleration in the industrial proc- 
ess and the need to supplement the labor 
force in time of war. Both these factors, 
plus the rising educational attainment 
of women, have broken down what now 
seem antiquated mores. To have a 
working wife is no longer a “disgrace” 
to a man, nor is being a working wife a 
badge of shame or poverty to a woman. 

27. The old myth of marriages 
“ruined” by wives working outside the 
home has disappeared; in fact, the sta- 
tistics on marriage indicate that a young 



woman’s ability to bring home a pay 
check has actually stimulated marriage 
and at younger ages. Whereas in 1890, 
55 percent of the women and 52 percent 
of the men were married (excluding 
widowed or divorced), in i960, 66 per- 
cent of the men and 70 percent of the 
women were married and living with 
spouse. In 1890 the median age at first 
marriage was 22.0 years for women and 
26.1 years for men; by 1940 this had 
dropped to 21.5 for women and 24.3 for 
men, and by i960 to 20.3 for women and 
22.8 for men, a decrease of almost 2 years 
for women, and 3.3 years for men, most 
of this change having taken place since 
1940. The model age for girls is now 
even less — a mere 18 years. Our young 
men are clearly either bolder, or feel 
more financially secure by virtue of 
being able to take a wife who can earn. 
As for our young women, they are less 
willing to endure long engagements until 
their prospective husbands can support 
them and families without supplementary 
income. Thus the needs of our indus- 
trial economy and the gentler bonds of 
romance have conspired together to stim- 
ulate the participation of women in the 
labor force. 

Education and Training of Women 

28. The rising level of women’s co.u 
tribution to the United States economy 
would not be possible, however, had not 
our educational goals and free public 
schooling been available to them. Their 
achievements in the world of work, like 
those of men, depend to a high degree 
on the amount and quality oC dieir 
education. 

29. In the last few years it has become 
a truism among economists and voca- 
tional counseling specialists that the great 



employment expansion of the future will 
be in those occupations requiring higher 
levels of education and skill. Unskilled 
jobs on the farm and in industry are de- 
clining rapidly; more and more semi- 
skilled jobs will yield to automation. The 
job outlook is brightest for those who 
have something specific in the way of skill 
or professional training to offer an em- 
ployer. Gone is the day when a worker 
who says he “can do anything” is con- 
sidered a prize. In our modern economy 
we know this is not true, and it behooves 
the seeker for work to be able to do 
something and, moreover, something that 
an employer wants done. Recent studies 
by the United States Department of Labor 
of the actual work experience of young 
people demonstrates conclusively that 
those who discontinue their formal edu- 
cation before completing 4 years of high 
school (we refer to them as “school drop- 
outs”), have more difficulty getting jobs, 
get lower-skill jobs, earn less money, and 
have substantially more unemployment 
than those who complete but do not go 
beyond high school. Among girls, for 
example, 60 percent got ’office jobs im- 
mediately on finishing high school com- 
pared with only n percent of the girls 
who have dropped out. Unskilled jobs 
claimed 55 percent of the dropouts, but 
only 12 percent- of the graduates. 

30. Today, education to at least age 16 
is required generally throughout the 
United States. This applies to girls as 
well as to boys. In 1961 over nine-tenths 
of all girls (and boys) between 7 and 17 
were enrolled in school. The majority of 
both sexes remain in school until they 
get a high school diploma. In fact, some- 
what higher proportions of girls than boys 
complete the course. After age 17 enroll- 
ment rates drop, . but more sharply for 
girls than for boys, reflecting the fact that 



higher proportions of men than women go 
on to college. Nevertheless, about 1 y 2 
million women (6 percent of all female 
school enrollees under age 35) were at- 
tending colleges or professional schools in 
the fall of 1961, compared with about 2% 
million boys (9 percent of all male school 
enrollees under age 35). Roughly an- 
other 300,000 girls between the ages of 
18 and 24 were enrolled in some type of 
private trade school or business college, 
such as art, cosmetology, fashion design 
and others. 

31. The educational attainment of 
women at college level continues ever 
upward. For example, women attending 
college in 1961 were double the number 
attending in 1950, although the number 
of girls aged 18 to 21 (the normal age- 
span for college attendance in the United 
States) had risen by only 12 percent in 
that decade. The median number of 
school years completed by women in the 
labor force in 1959 was 12.2 years, or 
something better than high school, com- 
pared with 1 1.5 years for men. For both 
sexes the educational attainment of the 
labor force exceeded that of the total adult 
population by something under one-half 
year. Though the educational level of 
the labor force is high, the manpower 
needs of the future will require increas- 
ingly more education and more special- 
ized skills, not only in the United States 
but in all developing countries, no matter 
what the present level of their economy. 

32. Women in the United States have 
not achieved their relatively high educa- 
tional level all at once. A century ago a 
college education for women was a rarity, 
and the fight to establish educational fa- 
cilities equal in quality to those available 
to men was bitter and long, jusd as was 
women’s battle to enter the professions. 
Quite aside from matters of prejudice and 







108 



K y»>'iaiir f r» *r e g? ffs -a 


















o 

ERIC 



discrimination, one could hardly expect to 
become a lawyer or a doctor or an archi- 
tect or a nurse without the necessary train- 
ing. The importance of access to educa- 
tion as a prerequisite to achievement in 
work is obvious in theory and is proven 
by facts. In 1959 the largest percentage 
of women in professional occupations had 
a college education; in clerical, managerial 
and sales occupations, 4 years of high 
school, and in operative and service occu- 
pations, an elementary school education. 

33. A fairly recent development has 
been the introduction by educational insti- 
tutions in the United States of programs 
to provide continuing education for 
women with college training who either 
interrupted their careers for marriage or 
who never put the skills and talents they 
developed as students to use because of 
early marriage. These women are in- 
vited to return to classes to renew skills 
or to train for new ones. Some of these 
programs, notably that of Radcliffe Col- 
lege, are particularly concerned with the 
highly gifted women. 

34. To those who want a high level of 
economic opportunity in the future we in 
the United States continue to say, and 
with greater and greater intensity: “Go 
to school, develop a skill, learn a trade, 
prepare for a profession. The race will 
be to those who know and to those who 
can do.” 

35. This advice is equally applicable to 
women in all parts of the world, no mat- 
ter from what economic base their coun- 
tries may be forging ahead into an indus- 
trialized society. We have attempted to 
help them realize their goals for economic 
and social advance. The United States 
Government has, since the mid- 1940*5, 
been opening up its resources for train- 
ing and observation and study to women 
from all over the world. It has financed 
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scholarships and training grants to hun- 
dreds of women from Afghanistan to 
Yugoslavia. Many others have come to 
the United States through grants by pri- 
vate industry, international agencies, edu- 
cational institutions, civic groups and 
women’s organizations. 

36. The U.S. Department of Labor 
alone has prepared and carried out pro- 
grams for a thousand women from 75 
countries. These women have come from 
a great variety of professions, back- 
grounds, and program interests. Among 
them have been lawyers, doctors, social 
workers, Directors of Bureaus for 
Women and Children in Ministries of 
Labor, teachers, housewives, community 
and organization of leaders, journalists, 
radio and television broadcasters and pro- 
grammers, government officials, trade 
union leaders, factory and office workers, 
volunteer social workers, vocational guid- 
ance experts, market women. They have 
had the opportunity to confer with work- 
ers here in similar positions, to see new 
developments in this country in their 
fields of interest, to learn methods of im- 
proving working conditions, of educa- 
tional aiid training facilities, of pro- 
grams of rehabilitation for the blind and 
other physically handicapped; how to 
make studies and surveys on which to 
base action suitable to their countries’ 
needs. They have participated in plan- 
ning their programs and in suggesting 
places and persons to see. Their freedom 
of choice in working out their schedules 
has been encouraged. 

37* We do not for a moment believe 
that this international exchange is a one- 
way street. After all, the United States 
is a changing society too, and wc learn 
through the fresh eyes and minds of 
ethers where we are rigid, resistant to 
recognition of needed change, unaware 
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of areas where our own past solutions 
will not be appropriate for different con- 
ditions. One of the most heartening re- 
sults of our visitor programs in the 
United States and our technical assistance 
programs abroad have been the stimula- 
tion of our own citizens by what they 
have heard and seen and experienced 
through contact with other places and 
other societies. For example, one ques- 
tion that foreign women visitors raise so 
often with us is, “Why do you not provide 
for better and more day nurseries, child 
care centers, household services for work- 
ing mothers?” Or, in an entirely differ- 
ent sphere: “Your women are so alert, 
so well-educated, so independent in spirit. 
Why do you have so few of them in elec- 
tive or appointive office?” These ques- 
tions give us pause. We learn from our 
guests ways in which we can put our own 
house in better order. 



38. The woman worker in the United 
States intends to move forward from 
where she is. She does not intend to be 
satisfied with her achievements in the 
past. We women still have to win the 
battle of equal pay in some lines of work. 
There are still areas of discrimination in 
job opportunities and in advancement. 
To assist her in these unfinished tasks the 
modem woman in the United States does 
have one precious privilege in abun- 
dance— her personal freedom to choose 
what she will do with her life: whether 
she will marry or not; whether if 
married, she will work or not; what occu- 
pation she will train for; how she will use 
the money she earns. Through her 
liberty to act, she influences to a major 
degree the cultural and economic changes 
in our society by cherishing, cultivating, 
and buttressing one of the most funda- 
mental of her human rights — her right to 
work. 
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Occupational Safety in a Newly Developing 

Industrial Area* 

Ewan Clague 
Commissioner of Labor Statistics 
U.S. Department of Labor 
Washington , D.C. 



1. It would be highly unrealistic to as- 
sert, or even to imply that a high level 
of occupational safety can be achieved 
quickly in a newly developing economy. 
True, we have the technical know-how 
to eliminate almost all physical hazards 
associated with employment. But we 
also know from long experience that 
safety is not simply an engineering prob- 
lem. Human attitudes and economic 
factors weigh heavily in the final deter- 
mination of the success or failure of an 
occupational safety program. Above all, 
we know that safety isn’t something that 
can be learned in one lesson or ordered 
into existence for now and forever by 
those in authority. 

2. True occupational safety is a way 
of life in wluch workers, management, 
and government mu«t all participate. It 
must be rooted in a sincere respect for 
the dignity, physical well-being, and eco- 
nomic welfare of the individual. It gains 
strength and viability from an under- 
standing of the unfavorable social and 
economic effects which accompany its 
failure. It reaches fruition only through 

*UN conference paper. 



cooperation and teamwork by all seg- 
ments of the t onomy. 

3. We in the more highly developed 
industrial countries have been working 
toward the elimination of occupational in- 
juries for many years. We have made 
substantial progress, at times verging on 
the spectacular, but our goals are high, 
and we still have a long way to go to 
reach them. I can speak best, of course, 
on the developments in my own country, 
and I want to outline to you the signifi- 
cant steps we have taken over the years. 
An account of our successes and of our 
frustrations may help to smooth the way 
for those nations which are just starting 
their occupational safety programs. 

4. One of the most significant char- 
acteristics of our approach to occupa- 
tional safety is that from the very begin- 
ning we have tried to bring into the 
safety movement all segments of our 
private economy. We feel strongly that 
this approach has contributed greatly to 
our successes and that we have progressed 
much farther than would have been pos- 
sible under a strictly government- 
administered program. 
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5* As wc look back, however, both in 
our own history and in that of other in- 
dustrialized countries, it is clear that 
safety has never been emphasized in the 
early days of industrialization. In the 
rush to expand economic activities ac- 
cidents have been accepted as inevitable, 
and prodigal waste of human resources 
has been the rule rather than the excep- 
tion. Historically, we must face the un- 
pleasant fact that real interest in safety 
has rarely developed in any economy until 
after a relatively high level of industriali- 
zation had been attained. In the light 
of our present knowledge of accident 
prevention it is difficult to understand 
why this has been true. Certainly it 
is difficult to understand why it should 
continue to be true in the newly develop- 
ing areas. We know full well’ that we 
can design safety into any industrial 
equipment or process; and we know that 
if workers can be trained for industrial 
activities, they can be trained to perform 
these activities safely. If the newly de- 
veloping countries accept these conclu- 
sions and apply them in their early steps 
toward industrialization, they can avoid 
many of our mistakes. 

6. The safety movement, as we know 
it today, had its inception in the latter 
half of the last century. It grew first 
from a humanitarian concern for the 
physical suffering and economic plight 
of the workers who had experienced seri- 
ous work injuries. Many of these dis- 
abled persons were completely dependent 
upon charity and public support for their 
meager livelihood. Out of this concern 
we developed the concept that the eco- 
nomic costs of these disabilities should 
be borne by the industries which pro- 
duced them, rather than by the injured 
persons, their families, and the public. 

It soon became clear, however, that this 



could not be achieved satisfac tor ily 
through legal actions in which disabled 
workers sued their employers for dam- 
ages. This process was too slow, too 
expensive, and too technical. Recoveries 
were uncertain and whimsical; and the 
legal actions took on the aspects of a lot- 
tery in which both the disabled worker 
and the employer gambled for all or 
nothing. The entire procedure was un- 
satisfactory, not only to the employer and 
worker principals, but also to the public. 

7. The concept of workmen’s com- 
pensation evolved direedy from this dis- 
satisfaction. The new thought was that 
the worker should be guaranteed recom- 
pense for his economic losses resulting 
from work injury without being required 
to prove fault on the part of his employer. 
The employer, in turn, would be pro- 
tected from capricious or unreasonable 
damages by a fixed schedule of benefits. 
And for practical purposes, the employ- 
er’s liability, for these benefits would be 
insurable. 

8. Laws effectuating these principles 
were first enacted in Europe, but the con- 
cept soon spread to other industrialized 
areas. The State of Maryland led the 
way in the United States by enacting a 
limited workmen’s compensation law in 
1902. Technical deficiencies, unfortu- 
nately, prevented this law from becoming 
effective. In 1908 the Federal Govern- 
ment introduced workmen’s compensa- 
tion for some of its employees and in 
1916 extended the coverage to all federal 
employees. In 1911 the first effective 
State law applying to private employ- 
ment was enacted. Today, every State 
in the United States has such a law. 

9. As we look back over our experi- 
ence with workmen’s compensation, we 
realize now that the early concepts as to 
who should be covered by such laws were 
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much too narrow. The spectacular possi- 
bilities of injury arising from contact 
with the machines used in manufactur- 
ing had an undue weight upon the early 
thinking about work accidents, and many 
of the laws were written to cover only 
manufacturing activities. In large meas- 
ure this was due to the lack of compre- 
hensive statistics to show that work in- 
juries constitute a problem in all indus- 
tries, not just in manufacturing. Today 
we have a more precise knowledge of 
where and how work injuries occur. We 
know it was a mistake to exclude agri- 
culture and the service trades from work- 
men’s compensation coverage, and we are 
moving to extend our laws to cover these 
activities. The newly developing areas 
might well give consideration to our ex- 
perience in this respect and possibly avoid 
repeating our mistake. It probably would 
be simpler to initiate broad-scale coverage 
in the beginning than to start with nar- 
row coverage and have to expand later. 

io. As we gained experience in the ap- 
plication of workmen’s compensation, 
some of our basic concepts changed. It 
became evident that the mere provision 
of immediate medical care and recom- 
pense for a portion of the earnings loss 
of a seriously injured person was not 
enough. All too often, seriously injured 
persons were unable to return to regular 
employment because they lacked the es- 
sential skills for any employment other 
than that for which their injury incapaci- 
tated them. These handicapped unem- 
ployables were an affront to our concept 
of human dignity as well as a distinct 
loss in our pool of manpower. It became 
clear that the real objective of workmen’s 
compensation should be to insure the re- 
turn of every possible injured worker to 
productive employment and economic in- 
dependence. Our workmen’s compensa- 



tion concepts, therefore, have been ex- 
tended to include the occupational re- 
habilitation of every worker whose injury 
prevents his return to his previous em- 
ployment. To accomplish this we have 
to utilize special medical and orthopedic 
skills to prepare the injured persons for 
their new activities as well as providing 
direct occupational training. We have 
had excellent success in this, although the 
program has not moved forward as 
rapidly as we would like. There has 
been some reluctance among employers 
to the hiring of handicapped persons, 
and some hesitancy on the part of the 
handicapped persons in accepting re- 
habilitation. These impediments to the 
program, however, are being overcome 
through widespread informational cam- 
paigns sponsored by the Federal and State 
Governments and by private organiza- 
tions. Now it has been amply demon- 
strated that physically handicapped per- 
sons, when properly placed, are good and 
effective workers, entirely capable of com- 
peting directly with their nonhandicapped 
co-workers. In the light of these findings 
our employ the handicapped” programs 
and our occupational rehabilitation pro- 
grams include both those who received 
their disability in industry and those 
whose disability is not of occupational 
origin. We are training and finding em- 
ployment for thousands of such persons 
each year. Their lives are thereby en- 
riched and made meaningful aiH the 
economy is enhanced by their productive 
abilities. 

n. Workmen’s compensation, of 
course, is not the answer to the work- 
injury problem. At best it is only a 
palliative after the unfortunate event has 
occurred. It has, however, an important 
place in the safety movement, both for 
its specific purpose of distributing eco- 
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nomic loss and as a direct stimulant to 
accident prevention efforts. 

12. Accident prevention had its incep- 
tion long before the workmen’s compen- 
sation concept emerged. In the early 
i8oo’s a few enlightened employers, em- 
ployee groups, and civic-minded individ- 
uals began to urge correction of the work- 
ing conditions which led to the occur- 
rence of injuries in the United States. 
These private efforts to stimulate interest 
in safety ultimately led to accident-pre- 
vention legislation. In 1867 the State of 
Massachusetts adopted the first factory 
inspection law in the United States, and 
in 1877 adopted a law requiring employ- 
ers to guard hazardous machinery. 
Equally important to the safety move- 
ment, Massachusetts also established a 
Bureau of Labor Statistics to study, 
among other things, the work-accident 
problem. 

13* In 1885 the State of Alabama 
adopted an Employer’s Liability Law and 
Massachusetts followed suit in 1887. 
These forerunners to workmen’s compen- 
sation did not directly impose accident- 
prevention obligations upon employers, 
but by making accidents expensive and 
legally troublesome, they stimulated ac- 
tion to prevent their occurrence. Other 
States quickly enacted similar liability 
and factory inspection laws and by 1900 
accident-prevention activities were be- 
coming common throughout the United 
States. The insurance companies writ- 
ing insurance for employers under the 
Employer’s Liability Laws were particu- 
larly active in urging the firms they in- 
sured to eliminate hazardous working 
conditions. Many of them instituted 
plant inspection services and provided 
engineering consultation to help their as- 
sureds make their operations safe. Plant 
managements responded by establishing 



safety programs for their own operations. 
Early records credit the first of these in- 
plant safety programs to the Joliet Works 
of the Illinois Steel Company which estab- 
lished a safety department in 1892. This 
was the real beginning of the Am erican 
occupational safety movement as we 
know it today. 

14. In 1893 the Federal Government 
began its active participation. In t-ha t 
year the Bureau of Labor Statistics issued 
the first of its continuing reports relating 
to work injuries, a study of European 
workmen’s compensation procedures. 
This was followed by a series of special 
reports on workmen’s compensation prob- 
lems and on the hazards associated with 
particular industrial operations. In 1910 
a continuing series of annual injury-rate 
compilations for the iron and steel in- 
dustry was inaugurated. In 1025 this 
injury-rate series was expanded to include 
24 industries. At present it covers 260 
manufacturing and nonmanufacturing 
industries. These informational services 
stimulated a great deal of interest in 
safety, first by demonstrating the magni- 
tude of the work-injury problem, and 
second, by showing that real reductions 
in injury occurrence could be obtained 
when serious efforts were made to pre- 
vent accidents. 

15. In subsequent years the Federal 
Government vastly extended its partici- 
pation in the occupational safety move- 
ment. The Bureau of Labor Standards, 
in the Department of Labor, has the most 
widespread functions in this field. As' 
a regulatory agency, it issues and enforces 
safety regulations for the important mari- 
time industries — stevedoring, ship repair, 
and harbor work. As a service agency, 
it assists the States in preparing safety 
codes and regulations; provides training 
courses and working materials for State 
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factory inspectors; performs safety re- 
search and participates with public and 
private organizations in developing effec- 
tive safety standards; and provides tech- 
nical pamphlets, safety promotional ma- 
terials, and safety training courses for 
workers and management personnel. 
Every two years it conducts, for the Presi- 
dent, a national conference to which he 
invites some 3,000 leaders of safety activi- 
ties in their own communities to meet 
with him in a weeklong discussion of 
occupational safety problems. Within the 
Federal Government, it acts as coordi- 
nator of all safety activities conducted by 
the various departments and agencies for 
their own employees. Of particular sig- 
nificance to the newly developing areas, 
it provides a wide range of technical 
training in occupational safety for govern- 
ment and industry people from other 
countries who have expressed an interest 
in learning the accident prevention 
methods applied in the United States. 

16. The Department of Labor, also, 
through its Divisions of Wages and 
Hours and Public Contracts, issues and 
enforces minimum safety standards in es- 
tablishments holding Federal contracts; 
and through its Bureau of Employees’ 
Compensation, provides a workmen’s 
compensation system for workers in the 
government and the longshore and har- 
bor work industries. 

17. The Federal Government also en- 
forces safety rules for the protection of 
railroad workers through the Interstate 
Commerce Commission. The Bureau of 
Mines establishes standards for safety and 
promotes safety activities in the mining 
industry, and the Public Health Service 
conducts research and provides a wide 
range of consulting services in the field 
of occupational disease prevention. 



1 8. In the United States, however, the 
State governments have primary responsi- 
bility for the development and enforce- 
ment of occupational safety regulations 
in most industries. Most of the States 
have some form of regulation, inspection, 
and enforcement for the more hazardous 
industries. These procedures vary some- 
what from State to State, but through 
the influence exercised by the various 
standardization organizations are tend- 
ing toward uniformity. A number of 
the States have successfully extended their 
safety services to include consultation 
on safe work practices and processes, and 
to promoting the elimination of physical 
hazards and unsafe work practices not 
specifically covered by the regulations. 

19* Outside government, a great step 
forward was taken in 1912 when the 
Association of Iron and Steel Electrical 
Engineers sponsored a national meeting 
of persons interested in discussing the 
costs, causes, and prevention of accidents. 
This group met again in 1913 and or- 
ganized the National Council for In- 
dustrial Safety, which in turn became, 
in 1915, The National Safety Council. 
Over the years the National Safety Coun- 
cil has expanded its activities to cover all 
kinds of accident prevention, but it con- 
tinues to emphasize occupational safety. 
The Council is privately supported by its 
membership, which includes the great 
majority of the large employers in the 
United States. It contributes to the 
safety movement by distributing infor- 
mation on accident prevention, taking the 
lead in the development of safety stand- 
ards, and providing a national center for 
the exchange of ideas on all phases of 
safety. It provides special technical con- 
sulting services for its members, but much 
of its effort to promote interest in safety 
is directed to the general public. 
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20. As a supplement to the National 
Safety Council, local safety councils have 
been organized in most large cities of the 
United States. These councils engage in 
a wide variety of safety campaigns and 
activities designed to create and maintain 
general interest in accident prevention. 
Membership in the councils is open to 
anyone interested in safety and includes 
employers, employees, professional peo- 
ple, government people, and representa- 
tives of a wide range of civic organiza- 
tions. 

21. Employers’ trade associations have 
been particularly active in the occupa- 
tional safety movement in the United 
States. They have consistently assumed 
the obligation of keeping their members 
informed of new developments and have 
provided representation for their indus- 
tries in the development of safety stand- 
ards. Many trade associations provide 
safety engineering consultation for their 
members and a number conduct safety 
contests to create and maintain interest 
in safety throughout their industries. 

22. In recent years a number of our 
labor unions have recognized the desir- 
ability of organized labor participation in 
the safety movement. Some have be- 
come joint participants with the employer 
groups in conducting industry-wide safety 
programs. Many provide safety instruc- 
tion materials for their members and 
participate with other organizations in 
safety research and in the development of 
safety standards. 

23. Two great advances in accident 
prevention were accomplished when the 
National Fire Protection Association was 
organized in 1896 and the American 
Standards Association was organized in 
1918. Prior to the formation of these 
voluntary privately financed organiza- 
tions, safety rules and guidelines, and 



safety legislation as well, varied widely 
among different industries and among 
the different States. Both of these orga- 
nizations moved quickly into the safety 
field and began to produce safety stand- 
ards which reflected the best thinking in 
the country. Because of their excellence, 
these standards have received wide ac- 
ceptance throughout the United States. 
Individual establishments and many 
whole industries have adopted them as a 
part of their operating rules, and many 
of our lawmaking bodies have' enacted 
them into laws or regulations. These arc 
primarily engineering standards relating 
to the construction and maintenance of 
safe workplaces, the guarding of hazard- 
ous equipment, the elimination of haz- 
ardous 1 nvironmcntal conditions, and the 
safe handling of hazardous materials. 

24. It has long been recognized in the 
United States that work-accidents are ex- 
tremely costly events not only in terms 
of human resources, but also in terms of 
material and equipment losses and re- 
duced productive efficiency. A safe plant 
is usually an efficient establishment with 
a high standing as a good place to work. 
Establishments with poor accident records 
have learned, to their sorrow, that the 
efficiency of their workers declines after 
each accident, their competitive position 
is weakened, their employees are dissatis- 
fied, and it is difficult to persuade the most 
desirable persons to accept employment 
with them. Management accepts the con- 
cept that safety is good business and not 
simply a humanitarian activity or an 
annoying requirement imposed by law 
or pressure from employee groups. Ac- 
cident prevention has become an integral 
part of management and the specialists 
who administer plant or company safety 
programs commonly report directly to 
top management persons. 
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25. These accident-prevention special- 
ists, who like to call themselves safety 
engineers, even though many have had 
no engineering training, take great pride 
in their profession. For them the achieve; 
ment of safety is the first objective of any 
business enterprise. They are true zealots 
working to improve the lot of their fellow 
men. To further their efforts they have 
banded together in a national professional 
society dedicated to the advancement of 
safety. Through this organization, The 
American Society of Safety Engineers, 
they enhance their own abilities through 
applied research and the exchange of 
ideas on accident prevention. Equally 
important, they act in concert to promote 
interest and respect for accident preven- 
tion in all segmnts of the population. 
Largely through their efforts, instruction 
in safety has become a part of the train- 
ing offered in most engineering and trade 
schools. They now have over 7,200 mem- 
bers in their voluntary organization. 

26. These widely diverse groups work- 
ing together in a common cause as the 
American Occupational Safety Movement 
have achieved magnificent results. They 
have carried the message of occupational 
safety throughout industry and into the 
homes of our workers. One of the most 
effective techniques has been to stimulate 
the interest of each breadwinner’s family 
in his personal safety. Through this 
family persuasion approach many work- 
ers have been convinced that to take a 
chance is simply foolhardy, and much 
greater worker acceptance of safety rules 
and procedures has been achieved. Sig- 
nificantly, it has been found that scare 
stories presenting the horrors of work 
injury are generally less effective in creat- 
ing interest in safety than are reminders 
of the benefits of remaining uninjured. 
Equally significant, our occupational 



safety movement, at the instigation of the 
management groups, is extending its 
efforts to include the promotion of “off- 
the-job” safety. Actually, today in the 
United States more workers are killed 
and injured in accidents away from work 
than while in the course of their employ- 
ment. 

27. The jusdfication for these extensive 
efforts to achieve occupational safety lies, 
of course, in the results obtained. Here 
we have abundant evidence of success. In 
the steel industry where the first organ- 
ized safety efforts were established, a 
group of safety minded plants reduced 
their joint work-injury frequency rate 
from 60.3 disablii.g injuries in every mil- 
lion employee hours worked in 1913 to 
8.2 in 1925. In 1961, our,entjre iron and 
steei industry had an injury-frequency 
rate of only 3.3. This was not just hap- 
penstance in an isolated industry. Some 
21 of the 138 manufacturing industries 
for which we have current records had 
injury-frequency rates of less than five dis- 
abling injuries per million employee 
hours worked in 196^ For manufactur- 
ing as a whole, the 1961 frequency rate 
was only n.o, a tremendous reduction 
from the level of 20.0 which prevailed 
only a few years ago in 1943. Many indi- 
vidual establishments have achieved rec- 
ords exceeding 1 million employee hours 
worked without a single disabling injury 
to any employee. 

28. These statistical records not only 
prove the worth of the accident preven- 
tion movement, but provide the encour- 
agement „.nd stimulus for its continuance 
and expansion. In this respect injury sta- 
tistics are essential tools of the safety 
movement. Without some measure of 
success or failure, interest in safety would 
lag and the safety movement would with- 
er. The statistical needs of the safety 
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movement, however, extend far beyond 
these simple measures of progress. 
Through statistical analysis of the circum- 
stances and conditions associated with 
accidents, we can determine the gen- 
eral pattern of accident causes and indi- 
cate precisely what kinds of accident- 
prevention actions are most needed. 
With this information at hand, those 
who have responsibility for direct acci- 
dent prevention can plan their programs 
effectively and avoid much wasted 
effort. From such studies we know that 
we have in the United States reduced 
machine accidents to a point where our 
greatest efforts now need to be concen- 
trated upon eliminating slips, falls, and 
material-handling accidents. These, in- 
cidentally, generally result from circum- 
stances which cannot effectively be cov- 
ered by law or government regulation. 
They must be brought under control by 
management and employees working to- 
gether for a common purpose. Here we 
feel that management must lead, but 
without employee cooperation the effort 
will fail. 



29. The most significant elements in 
our experience for consideration by the 
newly developing areas in combatting 
work accidents, therefore, rest on the basic 
prenr.se that work safety is a matter of 
interest to everyone. Government cer- 
tainly must participate by providing lead- 
ership and minimum safety requirements. 
And government probably should assume 
the function of compiling and distrib- 
uting the essential statistics. 

30. But government cannot do the 
whole job alone. True progress in safety 
requires the support and active partici- 
pation of all sectors of the economy. It 
must be promoted and encouraged in the 
home, in the schools, in worker and 
management groups, and through special- 
ized private organizations. The safety 
standards we have developed and the 
methods we have applied in promoting 
safety are available for the asking. But 
success in achieving work safety comes 
only when everyone concerned is con- 
vinced that it can be accomplished and 
that it is worth the effort. 
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Introduction 

The papers which follow are an attempt to make available to countries less 
developed than the United States the experience of this country in striving to improve 
our techniques for the training of scientific personnel. In the main, the papers are 
descriptive rather than hortatory. They are a record of a concerted and organized 
attempt to define goals and develop programs to reach these goals. 

This is not a success story. It is rather a history of trial and error leading finally 
to a program of action, the components of which have been well tested and the 
results of which are highly promising. But it is a story written in mid-course. • We 
have a long way to go before we can present ourselves as a model for other countries 
which want, as we do, to select the people best fitted for training in science and 
technology and to see that they get the best possible training. 

The authors of these papers have differing backgrounds. One, Dr. Ralph Tyler, 
trained as a psychologist, is one of the elder statesmen of American education and 
has for three decades been a major force in the improvement of teaching at all levels. 
Another, Dr. Jerome Wiesner, has forsaken teaching and research for the time being 
to serve as the President’s chief adviser on science and technology. Two others, Drs. 
Kelly and Dees, both physicists, have for almost io years carried a heavy responsi- 
bility for the wise investment of the substantial sums appropriated by the Congress 
for the selection and training of scientists and for the improvement of the teaching 
of science. 

But though their backgrounds are different, the authors of these papers have much 
in common. Like St. Paul, they speak of things part of which they were and all 
of which they saw. They share a sense of urgency about the necessity of solving the 
complex problem of optimum utilization of our limited manpower resources in the 
various fields of science. They also have in common that American optimism which 
has impressed foreign visitors from de Tocqueville to Gunnar Myrdal that any prob- 
lem which can be defined can also be solved. It is this optimism, one of our most 
blessed American traits, which has led these men to devote some or all of their 
energies as civil servants, officers of private scientific agencies or government consult- 
ants — to defining our national goals with respect to the sciences and to the invention 
of techniques and programs calculated to help us reach these goals. 

I use the word invention deliberately. Many of the programs described by Dr. 
Dees and Dr. Mayor are as truly inventions as was the steam engine or the airplane. 
And like the steam engine and the airplane, they are the product of long study and 
much experimentation. 

As I have suggested earlier, we in the United States have made substantial progress 
in our campaign to improve the selection and training of scientific and technical 
personnel, although the goal is still a distant one. The byproducts have been singu- 
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larly important. The massive effort to improve the teaching of science has inevitably 
caused us to take a hard look at our whole educational system and to consider whether 
the teaching of all subjects at all levels cannot be made more rational and more 
efficient. As this volume is being published, both the behavioral scientists and the 
humanists arc launching programs to improve teaching in their various disciplines 
and to rc-think their curricula. 

As both Dr. Kelly and Dr. Zacharias point out, the effort to improve training of 
scientists and technologists has required a redefinition of subject matter in all the 
sciences, as well as a review of our teaching methods and our selection procedures. 
Dr. Zacharias’ case history of the program to redefine and reconstruct the secondary 
school curriculum in physics is illustrative of similar programs in mathematics, biology, 
?nd chemistry, which arc now well advanced, and other efforts in sociology, economics 
and anthropology, which are just beginning. 

One of the most happy results of these efforts is that they have forced the building 
of bridges over the wide chasm that has heretofore separated elementary and sec- 
ondary education from higher education. The scholars whose task has been to 
redefine and reorder the teaching materials in their several disciplines have discovered, 
as Dr. Mayor points out, that they could do their work intelligently only with the co- 
operation of the teachers who must use the new materials. The teachers in turn have 
discovered that they themselves must learn the new science before they could hope 
to transmit it to their students. Thus the whole effort has produced increased com- 
munication and increased understanding between the bottom, the top, and the middle 
of our highly complex educational system. 

Many of those who read this volume will be familiar with the structure of Ameri- 
can education. Others will have to derive it from these papers. Perhaps the most 
marked characteristics of our educational establishment are its diversity and its lack 
of centralized control. We have no ministry of education in the United States and 
even our state superintendents of instruction have only very limited control over 
what goes on in the schools of their respective states. No order from Washington nor 
any ukase issued from the Capitol of one of the 5° states can force innovations on our 
schools, colleges and universities. The effort to improve is and must be a wholly 
voluntary effort, in the teaching of science as well as in other sectors of education. 

If at times this seems to hinder the pace of desirable change, it has the great virtue 
of generating wholehearted support for new ways of doing things which have been 
proven to be better than old ways. It also helps us to avoid the hazard of inflicting 
on any area of the country patterns of educational activity unsuited to its cultural 
traditions and to its peculiar local conditions. 

I think it fair to say that this is not a didactic book. It offers no formulae guar- 
anteed to produce in any circumstances a quick and drastic improvement in the 
processes of selecting and training scientific personnel. It is, rather, an attempt to 
share what we have learned and an invitation to other nations to join with us in a 
continuing effort to improve education in the sciences. The warning that Dr. Kelly 
sounds against transmitting our prejudices to other countries rather than transmitting 
the lessons we have learned echoes throughout the other papers. Dr. Wiesner points 
out the hazards involved for less developed countries in sending their ablest young 



men abroad for ti-ining in the sciences and emphasizes the importance of developing 
strong university centers all over the world. In similar vein, the three distinguished 
representatives of the publishing industry urge that every country develop the capacity 
to produce its own textbooks. 

The authors of these papers all have that humility that comes from occasional 
failure and that capacity for the tentative statement which is the common characteristic 
of men who have discovered that they can be wrong. 

But if this is not a didactic book it is in the true sense of the word an evangelical 
one. Through all these papers runs our American faith in science as a means to 
the more abundant inc. This is an older faith than some of our critics assume. It 
is not a product of Ajur successful attempt to split the atom, nor of our effort of the 
last 15 years to improve our defensive posture by a huge program of basic and applied 
research. Our faith in science is part of our heritage and rests primarily on the 
repeated discovery that science can help us to lead healthier and happier lives. The 
milestones along the route arc not the invention of new weapons but the victories 
over famine, disease, and ignorance. 

There is another older American faith that underlies our faith in science. It is 
our faith in education as a means of improving our common life and our individual 
welfare. At times this faith must seem naive to our friends in other countries. 
Our willingness to tax our incomes, our lands, and our chattels at heavy rates to 
support schools of all kinds; our insistence, imbedded in law, that our young people 
must have as much education as they arc capable of using; our feeling that illiteracy 
is one of the seven deadly sins— all these provoke something between amazement and 
bewilderment in our friends abroad. But they appear more rational and more neces- 
sary if one believes, as we do, that an educated society is the only kind of society that 
can tolerate democracy. 

A summary statement of the American credo with respect to education will be 
found in the concluding sentence of Dr. Wiesner’s eloquent paper: “A good educa- 
tional system may be the flower of economic development but it is also the seed.” 

As a people we believe that education is the means, perhaps the only means, to 
the more abundant life. These papers record one important expression of that belief. 

Charles Dollard, 

Chairman, Advisory Committee on International Science Activities, 

National Science Foundation. 
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Planning Policies for Development of 
Scientific and Technological Personnel 



Planning Policies for Investing in Scientific 
and Technological Education* 

Jerome B. Wiesner 

Director, Office of Science and Technology 
Executive Office of the President 
Washington, D.C. 



1. Until this United Nations confer- 
ence, a landmark for us all, we have never 
tried to assemble in one place and at one 
time the lessons learned about the role of 
science and technology in the human and 
material advancement of people and of 
states; and we have never tried seriously 
to lay out the full sweep of the oppor- 
tunities for advancement offered by sci- 
ence and technology. 

2. My country is firmly committed to 
the goal of assisting, in the words of the 
title of the Conference, the “less devel- 

# UN conference paper. 



oped areas,” as they strive for the develop- 
ment and the political stability that 
depend so much on economic strength 
and security. I believe that stable politi- 
cal conditions will prevail only after we 
have achieved freedom, literacy, and eco- 
nomic well-being for all the peoples of 
the world — economic development is a 
mockery unless it is accompanied by 
peace and political independence. For 
a number of years, the United States has 
devoted approximately $4 billion a year 
to direct assistance, in one form or an- 
other, to developing countries and, what 
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is more important, a good proportion of 
our scientific manpower. It is of the 
greatest importance that this assistance 
be wisely directed and that it contribute 
to thoughtful planning by the nations 
themselves for wise use of their own 
resources. 

3- We in the United States have en- 
gaged in extensive studies, alone and with 
the less developed nations, to understand 
better the role of science and technology 
in economic development. But this con- 
ference provides an unparalleled oppor- 
tunity to discuss the ideas and experience 
of all nations. It offers the best possible 
framework — the United Nations — for 
such discussion. And it offers us all the 
chance to meet together on the subject 
of the advancement and well-being of 
people everywhere, apart from political 
and military issues. 

4. The subject of this Session, where 
the United States has as much to learn as 
other nations, illustrates another reason 
for welcoming this conference. The 
problem of providing an adequate sup- 
ply of well-trained manpower requires an 
enormous amount of attention in all 
countries, and appears to be among the 
hardest to solve. In my post in the 
United States I find that I must devote 
a great amount of effort to the question 
as it applies to o.ur needs. I have come 
to the same conclusion that all must reach 
when considering this problem: The 
need for scientific and technical man- 
power is greatly increasing, and we will 
have an extremely difficult problem in 
meeting that need in time. General edu- 
cation and special training are the key 
elements in the economic and social de- 
velopment of all nations and require the 
personal attention of political leaders and 
planners. Education cannot be left to last, 
as has been done in too many instances, as 



something that can be attended to after 
other needs are satisfied. 

5. Although the specific problems of 
education and manpower vary from coun- 
try to country, the basic principles of 
what constitutes a good education are 
much the same everywhere. The ex- 
change of experience and ideas in this 
Session should provide all countries, eco- 
nomically advanced or in the early stages 
of development, with information and 
suggestions applicable to their own needs. 

6. It will be useful as background for 
this Session, and to emphasize the points 
planners concerned with education must 
keep in mind, to state some of the im- 
portant roles I see for education in any 
nation. First is the need for general 
literacy. Education is needed to create 
an informed citizenry; to make it possible 
for individuals to develop their capacities 
to the fullest; to provide a consensus or 
sense of unity in a society (by this I do 
not mean conformity); and, in the phrase 
of Dr. Max Millikan in an address at 
Oxford University, to provide a “search 
and selection device” to enable those best 
qualified to move into the professional, 
technical, administrative, and political 
roles. 

7* The most obvious purpose of sci- 
entific or technical education in this con- 
text is to turn out people with the skills 
needed to make a modern society work. 
Special skills are needed for everything 
from operating a modern power plant, to 
running a government ministry, to using 
new fertilizers, or to using bank credit. 
There arc hundreds of skills which may 
be alien to a traditional society but which 
may be necessary for the successful in- 
troduction of new technology. 

8. A further word is in order concern- 
ing these skills. All too often when edu- 
cation is discussed, it is tacitly assumed 
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that all you need are training courses to 
turn out technicians able to operate this 
piece of machinery or that kind of equip- 
ment. The one thing we have surely 
learned during die past decade is that 
modern technology and agriculture can- 
not be transferred intact from one en- 
vironment to another. Further, the rate 
of technological change is so fast that 
people must be able to adapt successfully 
to new situations. What we must create 
through education is a sense of innova- 
tion and inventiveness and a flexibility of 
approach to new situations. We must do 
this at all levels of education so that the 
new technologies can be adapted to local 
environments and society itself can help 
to create the technology and organiza- 
tion it needs. In the United States we 
have become conscious of similar needs 
for education. We have some interest- 
ing programs underway for improving 
instruction in engineering and science in 
college, as well as for improving instruc- 
tion in science and mathematics in ele- 
mentary and secondary schools. These 
programs will be discussed in the spe- 
cialized sessions, but I know that many 
arc already familiar with them, since co- 
operative programs arc in progress to 
adapt our new materials and techniques 
for use in parts of Africa, Asia, Latin 
America, and Europe. 

9. I should like to call attention to two 
other roles for education pertaining to 
science and technology. One is the set 
of attitudes that the teaching of science 
can serve to instill. Science has been the 
dominant force shaping our lives in this 
century, not only through what we have 
learned but also through the changes in 
attitude the progress of science has 
brought about. One of the most sig- 
nificant lessons of science, for example, 
is that the physical world around us is 



understandable and can be molded to 
serve man's requirements. Furthermore, 
the behavioral sciences are now beginning 
to provide insights into man himself that 
should in the long run help to bridge 
the gaps between the various cultures and 
social systems of today. The teaching 
of science, therefore, can have a major 
impact on an individual’s attitude to- 
wards his environment— the physical 
and often the social and political. Tra- 
ditional barriers to progress— to the 
physical and social development of a so- 
ciety — cannot withstand the new at- 
titudes that the study of the sciences can 
instill. 

10. Thus, science education can be a 
powerful force for change, but, it must 
be added, only if the science education 
is adequate. There arc “traditional” 
methods of teaching science which will 
have little effect in developing this atti- 
tude of mind and little useful effect in 
the teaching of science itself, for that 
matter. 

n. The other point worthy of special 
mention is that a society should insure 
that its educational system will represent 
its best intellectual effort. We live for 
more than material progress; we must 
live ultimately for societies that make 
possible z sense of fulfillment for all. 
This sense of fulfillment must be realized 
at all levels, but the highest level of the 
educational system is especially important 
because it sets the goals for the future 
of the whole educational system and 
hence for the future of the nation. You 
cannot have a truncated educational sys- 
tem and still meet future needs for 
growth, change, and intellectual chal- 
lenge. Science plays an important part in 
this, for fundamental research is one of 
man’s noblest intellectual endeavors; to 
neglect it on any grounds, but particularly 
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on the ground of irrelevance to a nation’s 
growth, is in my estimation sheer foliy, 

12, In this respect one could point to 
the experience of my own country, where 
in recent years our emphasis on science, 
and especially on basic research, has 
helped to create an intellectual ferment 
and excitement in all intellectual fields 
and has contributed greatly to our eco- 
nomic progress. We have no monopoly 
on basic research, and want none. 
Science affects all, belongs to all, and is 
needed by all. 

13. So far this paper has presented the 
general requirements that need to bo 
satisfied by an educational system in any 
country, and thus some of the goals a 
government needs to keep in mind in de- 
ciding on the form, character, and size of 
its investment in education, and particu- 
larly in scientific and technological edu- 
cation. Of course, the translation of 
these general ideas into specific plans is 
an extremely difficult task, difficult in 
different ways in each country. Many 
specific questions arc discussed in the 
specialized papers to be presented at the 
Conference, but I propose here, as back- 
ground for those papers, to point out 
some of the principal problems govern- 
ments face, with some indications of my 
own estimates of priorities and important 
issues. 

14* The first question to arise in any 
country, but with special severity in one 
which is less developed, is how the nation 
can mount quickly the massive educa- 
tional programs that the government 
feels arc needed and which the people 
arc demanding. In general, the limiting 
factor, more than money, is the supply 
of trained teachers, from the primary 
school through the university and adult 
education programs. In parts of the 
world which have not previously had siz- 
able educational systems, much of Africa 



for instance, the requirements in sheer 
numbers are staggering, 

15. These countries not only face a de- 
mand for an enormous expansion of an 
educational system in an extremely short 
time, but also are badgered with advice 
from all sides to emphasize quality over 
quantity, to support expensive research, 
to concentrate on centers of excellence, 
and so forth. How should these com- 
peting demands be balanced? Where is 
the appropriate starting point? What is 
the order of priority ? How great a share 
of a nation’s scarce resources should be 
claimed by cducadon? 

16. There are, of course, no general 
answers to these questions, and perhaps 
not even any “right” answers on a na- 
tional basis. Primarily, the decisions are 
a matter of informed judgments, drawing 
on experience and advice where available. 
It is worth mentioning some of the recent 
work that attempts to relate in quantita- 
tive terms investment in education to 
economic growth. These studies, many 
of them carried out under the auspices 
of the Organization for Economic Co- 
operation and Development, may produce 
better guidelines in the future than exist 
at present for the appropriate level of in- 
vestment in education in relation to com- 
peting demands for resources. 

17. One conclusion to be drawn from 
the large gap in most countries between 
demand for education and available edu- 
cational resources is that innovation in 
educational methods is needed. There 
is nothing sacrosanct about existing pat- 
terns of education in the Americas, 
Europe, or any other region. By and 
large, they were developed in a different 
era to meet different needs. Education 
today should instill a sense of innovation 
and a willingness to approach problems 
with a fresh and unprejudiced point of 
view, and we should be prepared to ap- 
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proach education itself in the same fash- 
ion. And as I have said before, this is 
not a problem unique to the less devel- 
oped countries, for we in the United 
States have realized that moderate, and 
sometimes drastic, change is necessary in 
our system if it is to continue to serve 
our country and our people. We have 
started an overhaul of our owA in the 
sciences, and arc beginning to extend it 
to other subjects as well. Wt have found 
widespread acceptance of our new ap- 
proaches in United States schools and con- 
siderable interest in other countries. 

1 8. There is another conclusion to be 
drawn from the work that we and others 
have done on educational problems re- 
cently: there are developments under way 
that could change gready our concepts 
of teaching and even shorten die period 
necessary to accomplish our teaching 
goals. Some of the ideas embrace more 
extensive use of the full arsenal of teach- 
ing aids — books, film, radio, television, 
teaching machines; others question our 
present atdtudcs toward the learning 
abilities of our children. Some of these 
studies can be classified only as research 
into teaching; others involve the develop- 
ment of new curriculum materials for 
specific subjects. It seems imperative 
that the less developed countries be aware 
of these developments, and participate 
fully in them. These new ideas provide 
a hope, perhaps the only hope, for cdu- 
cadng a large number of students widi 
an inadequate supply of teachers. 

19. Some people believe that tradi- 
tional science curricula are adequate for 
the developing countries and that the in- 
troduction of the new course material 
and teaching methods can come later. 
This is much like saying that to grow 
technically and economically a new state 
must go through all the stages that the 
Western countries went through, repeat- 



ing everything, including mistakes. In 
a country with limited resources and less 
time, only the most modern materials 
should be tolerated. There should not 
be one kind of physics or biology or chem- 
istry or mathematics for the mature coun- 
tries and another for the countries striv- 
ing to build a scientific base for their 
economies — although, of course, mate- 
rials may have to be adapted to local con- 
ditions, in biology, for example, to local 
fauna and flora. The best should be 
available to all. 

20. I have assumed in this paper that 
an educational system would include sci- 
ence and technology in primary school, 
not just in secondary school and college 
and technical school. This idea is not 
universally accepted, except, of course, 
that few would argue against quite 
early teaching of arithmetic, and per- 
haps a little biology. In fact, I would 
plead for extensive programs in science, 
including, of course, mathematics, at the 
primary school level for two major rea- 
sons. First, I have become convinced 
that the children can study these subjects 
with profit and enjoyment, and second I 
believe, as stated before, that scientific 
education can be important in imparting 
a favorable attitude toward change. 

21. The question of relative emphasis 
in education on universal primary school 
education vs. the secondary school vs. the 
university, will not be discussed here — so 
much depends on the local situation. 
But some remarks about the needs of 
universities, especially in relation to sci- 
ence and technology, are in order. 

22. No matter what priority is ac- 
corded primary or secondary school, re- 
sources must be found for the university 
system. I do not believe a nation can 
produce the manpower for a complex 
society without a good university system. 
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Without native manpower, industrializa- 
tion, agricultural and health measures, 
and other forms of economic and social 
investment cannot become an integral 
part of a nation’s economy. This is not a 
matter simply of training a few people. 
Rather, it is necessary to provide a cadre 
of scientists and engineers who can un- 
derstand developments in other countries 
and relate those developments to the situa- 
tion in their own country. Outside ex- 
perts can help, but someone has to ask the 
right expert to help, and the act of asking 
presupposes a person in the country who 
already has a good understanding of the 
problem. Subsequently, the expert must 
be able to communicate his ideas to a 
person who can understand them, who 
can modify them according to local con- 
ditions, and who can carry them out. 

23. Developing scientists and engi- 
neers is almost entirely the job of the uni- 
versity system. And here again I would 
say that a country that believes it can 
solve the problem entirely by sending its 
people abroad for university education is 
making a mistake. The cost of sending 
students abroad is high, and the educa- 
tion they obtain often is not sufficiently 
tied to their country’s needs. Of at least 
comparable importance is the fact that 
the intellectual leadership, the critical 
examination of issues, the challenge to 
convenient solutions, the espousal of new 
ideas, have traditionally depended upon 
the faculties of strong universities. A 
society that lacks this element lacks an 
ingredient basic to freedom and progress. 

24. Last year some 60,000 students 
came to American colleges and univer- 
sities from abroad; this is a large number 
and we hope to see it grow larger. In 
addition, we are instituting programs at 
some of our best universities that will 
emphasize the technical problems of the 



less developed areas more than we have 
ifi the past, thus relating the education a 
visiting student will receive more closely 
to his own situation. And this will be 
done without segregating our foreign 
students from the main stream of Ameri- 
can student life. Yet, while we would 
like to see the number of foreign students 
in our country increase, we believe a'c the 
same time that it should be a small per- 
centage of the number of the students in 
the universities back home. Only at the 
graduate level in research, where research 
experience in leading laboratories can be 
an important, even necessary, part of sci- 
entific preparation, should foreign edu- 
cation remain a major factor in the 
educational development program. 

25. There arc other reasons besides cost 
and kind of education for developing a 
strong university system. One is the need 
for a nation to be able eventually to satisfy 
its own trained manpower needs, and this 
undertaking requires a start in that direc- 
tion right now, regardless of the present 
adequacy of the primary and secondary 
school systems. Another is the simple 
fact that all parts of an educational system 
depend on each other, and that a complete 
spectrum is required, including the re- 
search level, in order to provide the in- 
tellectual challenge and up-to-date content 
throughout the educational system. A 
third reason is that applied research in 
fields such as health, agriculture, mineral 
location and exploitation, is done best only 
in the country itself. This is the job 
primarily of the universities. And, finally, 
there is the more philosophical justifica- 
tion already mentioned that no nation can 
be willing to relegate itself to second-class 
status by voluntarily eschewing the high- 
est forms of intellectual endeavor. 

26. A commitment to a first-class uni- 
versity system including scientific and 
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technological education is fine, but once 
made it raises various practical questions 
concerning just how much can actually be 
done. Can a nation realistically encour- 
age the development of first-class teaching 
and research in all scientific disciplines? 
Must it provide the resources for any and 
all who desire to go on for a scientific 
career? Is there a balance that should 
be achieved between basic and applied 
research? 

27. I>. is clear that a nation with limited 
resources simply cannot provide the facili- 
ties for all scientific fields. On the other 
hand, deciding which fields to emphasize 
is extremely difficult; enforcing such de- 
cisions is also difficult, especially if out- 
standingly competent individuals would 
emigrate if not given the means to pursue 
the subjects of their choice. Once again, 
there arc no simple guidelines to making 
these choices; decisions will have to be 
guided by common sense, coupled with 
sensitivity to local problems. Clearly, 
consideration should be given to activities 
which have relevance to local problems, 
but not at the cost of eliminating poten- 
tially outstanding efforts in which there 
is no predictable direct impact. Perhaps 
the best way to approach the question is 
to counsel overt encouragement of re- 
search and education in those subject 
areas most closely related to economic 
development, buch as geophysics and the 
health and agricultural sciences, and to 
stand prepared with limited resources to 
respond to requests from universities and 
individuals who want to do advanced 
work in more theoretical sciences, such as 
physics and mathematics. In my country, 
where we have tried to maintain excel- 
lence in science across the board, we are 
forced to give increasing attention to the 
problems of balance as we run up against 
severe manpower shortages and sky- 
rocketing costs of research activities. 
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28. One comment from my own limit- 
ed observation is that I have yet to visit a 
country in which, in my opinion, the 
resources devoted to science and technol- 
ogy in the universities were adequate to 
the needs. This is particularly true in the 
developing countries, where the immedi- 
ate problems of development are almost 
overwhelming. 

29. Another policy question frequently 
arising in the planning context is how best 
to develop a higher education and re- 
search system. Should support be pro- 
vided for all existing universities, wheth- 
er good or bad, with the goal of building 
a strong, broad base? Or should support 
be limited to those centers that already 
have established their competence and 
have appropriate attitudes towards re- 
search and education? Here the experi- 
ence in the United States, and in many 
other places, is relevant: it is essential to 
concentrate on the centers of excellence 
to enable them to expand and to train 
more people. To choose otherwise 
would, I believe, result in a second-class 
university system. This, of course, leads 
to some very hard decisions, for it can 
mean developing one or a few centers 
in one part of a country to the exclusion 
of others. Still, I believe that with 
limited resources, or even with plentiful 
resources for that matter, this is the wise 
course. 

30. It is toward the development of 
centers of excellence that the more ad- 
vanced countries can make major con- 
tributions through their own systems. 
These countries can help by offering grad- 
uate training, by making available senior 
people for periods of time to assist di- 
rectly in the teaching and research pro- 
grams, and by providing some funds for 
equipment, texts and the like, once the 
national government has made a commit- 
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mcnt to develop certain institutions. In 
addition, cooperative arrangements on a 
university-to-university basis, such as 
exist now between American universities 
and some ioo universities and university ' 
departments around the world, can pro- 
vide important intimate support and 
scientific assistance. 



31. Let me close by repeating once 
again my conviction that education 
broadly, and scientific and technological 
education specifically, are critical factors 
in the economic and social development 
of every nation. A good educational 
system may be the flower of economic de- 
velopment, but it is also the seed. 
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i. The educational tasks required for 
a country to utilize fully the potential 
contributions of science and technology 
include the development of public un- 
derstanding of science and technology 
and the preparation of technicians, of 
scientists and engineers, and of teachers. 

(a) The importance of public under- 
standing is often overlooked. People 
who arc not themselves scientists, en- 
gineers, technicians or teachers arc none- 
theless involved in scientific and tech- 
nological development. 

(i) In the first place, they arc con- 
sumers of the products of technology 
which are often different in appearance 
or in other respects from those previ- 
ously used. For example, in utilizing 
science and technology to provide a 
greater quantity of food with more 
adequate nutritive value, new food 
products are being developed which 
arc made from different raw materials 
and which have different tastes from 
the foods heretofore comprising the 
basic diet of the people. Unless they 
understand fundamental notions of 
human nutrition and the scientific basis 
for selecting and producing the new 
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foods they will not eat them. As an- 
other illustration, in utilizing science 
and technology to improve the health 
of the people, new sanitary practices 
are recommended and new medical 
and technical personnel and institu- 
tions are being developed. Unless the 
people understand fundamental con- 
cepts of physiology, ecology and hy- 
giene, they do not willingly change 
their personal habits. 

(ii) In the second place, the produc- 
tive activities of the people in almost 
every walk of life need to be changed 
or modified in order to benefit fully 
from the results of science and tech- 
nology. This is not limited to factory 
workers and technicians. Thus, many 
farmers will need to grow different 
plants using new seed, to raise dif- 
ferent animals using new stock, to 
cultivate the soil differently, to control 
pests in new ways, to feed animals dif- 
ferently if they are to increase their 
production markedly. This means 
that they must understand something 
of the basic notions of agricultural 
science. As another example, carpen- 
ters can greatly increase their produc- 
tivity through the use of new tools 
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(hammers, saws, drills, measuring in- 
struments, etc.) and new materials 
(plastics, concrete, metals, fabricated 
plant and mineral products). Selec- 
tion and use of these tools and materials 
to maximize productivity require some 
understanding of their nature and of 
the rationale for their efficient use. 

(iii) In the third place, the people 
need to understand the nature of sci- 
ence and technology, what they require 
for their development, what their con-, 
tributions can be, and what kinds of 
economic, social, psychological, and 
aesthetic effects they may engender in 
order to participate intelligently in the 
decisions required in the nation and in 
the local community to make full use 
of them in economic development. 
Decisions of this sort have repercussions 
throughout the nation on the lives of 
the people. Unless an informed con- 
sensus is reached among the people, 
they fail to support needed actions ar.d 
resist steps which are essential in the 
development process. Thus, they may 
favor immediate increases in consump- 
tion goods and fail to give adequate 
support to education, research and de- 
velopment, and other capital expendi- 
tures. Or they may push for the con- 
struction of nuclear reactors, large fac- 
tories, and other spectacular physical 
plants at the expense of investments in 
education, in tools which can be quickly 
utilized for increased production and 
for other less impressive means for em- 
ploying science and technology. 

(iv) Finally, public understanding 
of the dynamic nature of science and 
technology is necessary because totally 
new patterns of life careers arc in- 
volved in their full utilization. In the 
traditional society, one’s occupation 
was something on which he entered in 



his youth or in early adulthood and he 
continued in it until too old or other- 
wise incapacitated. A few changes 
might take place in the procedures of 
the occupation, but the basic pattern 
of activity of farmer, weaver, carpenter, 
cook, etc. remained static throughout 
his life. Historically the first impact 
of technology was to shift occupations 
from one generation to another. 
When hand weaving was replaced by 
the textile mill, the children of weavers 
became mill workers. Few of the 
weavers attempted to develop new 
skills in order to enter into a new oc- 
cupation. Similarly, in the United 
States when the production of ma- 
chines was largely shifted from the 
handicraft of mechanics to the factory 
assembly line, few mechanics under- 
took the learning of a new trade but 
their children went on through high 
school and often into colleges or en- 
gineering schools to prepare them- 
selves for engineering, science, medi- 
cine, law, or business. As farming in 
the United States increasingly utilized 
science and technology the size of the 
farm labor force was greatly reduced 
while farm productivity was greatly 
increased. Few farmers learned new 
occupations but a majority of their chil- 
dren did. Now, however, science and 
technology arc developing so rapidly 
that if a nation wishes to make full use 
of them many occupations must change 
greatly and quickly or be eliminated, 
and many new occupations emerge. 
This cycle of change grows faster, so 
that it is safe to predict that in a coun- 
try making full use of science and tech- 
nology, a majority of people can expect 
to be employed in more than one oc- 
cupation during their lifetime. This is 
such a change in tradition that direct 
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efforts must be made to help people 
understand what is happening and ap- 
preciate the importance of cultivating 
flexibility and of learning new skills 
and new occupations in order to derive 
many of the potential benefits of 
science. 

(b) The preparation of technicians is 
an essential part of the development of 
the working force required to operate a 
developing economy. More attention is 
commonly given to the education of scien- 
tists and engineers because they arc re- 
sponsible for the guiding ideas and design 
of development processes. But their 
efforts require the supporting contribu- 
tions of technicians. These are the per- 
sons who make, install, and repair tools 
and apparatus, who prepare drawings 
and maps and make photographs, and 
who do many kinds of work directed 
by scientists and engineers but which do 
not require the full extent of professional 
knowledge and skills. Typically each 
scientist and engineer can effectively 
utilize the services of from 5 to 15 tech- 
nicians. 

(c) The preparation of scientists, en- 
t eers and other professionals is the task 
which draws heavily upon the institu- 
tions of higher education. These are not 
simply people with technical skills who 
arc familiar with current practices in in- 
dustrial countries. They an persons who 
have basic knowledge of science and are 
skillful in conducting inquiry, directed 
both at expanding their basic knowledge 
and solving the new problems which are 
always arising in the process of develop- 
ing a more productive and efficient econ- 
omy through the use of the knowledge 
and methods of science. The task, there- 
fore, is to prepare scientists who arc able 
to develop new and relevant knowledge 
and to use their knowledge in the solu- 
tion of pressing problems such as those 



in the fields of health, of material pro- 
duction and distribution, and of com- 
munication. An equally important job 
is to train engineers who can analyze the 
problems, assess the resources available 
and design systems which aid in the solu- 
tion of the problems. Mathematicians 
must also be prepared. Sometimes the 
role of mathematicians in the group of 
important professionals is not recognized. 
They are basic to the intellectual activity 
both of scientists and engineers so that 
provision for their education is essential. 
Health scientists are also necessary in- 
cluding not only the physician and the 
sanitarian but also those who study the 
health problems of the country seeking 
solutions through research. This brief 
listing of needed professional personnel 
should indicate that this is an important 
cadre in the total national effort although 
much smaller in number than the large 
body of technicians. 

(d) The preparation of teachers of 
science and technology is probably the 
most crucial task confronting any nation 
seeking rapid development. Its impor- 
tance lies in the fact that the effective- 
ness of the teacher largely determines 
how well the educational responsibilities 
previously mentioned are met. The 
teacher not only influences what the stu- 
dents learn and how much they learn 
but also the choices they make of occu- 
pations and of further education. The 
difficulty oTthe task lies in the complex 
requirements of a good teacher, the rela- 
tively large numbers needed to provide 
for public understanding and for special- 
ized preparation and the inevitable com- 
petition for people trained in science 
between employment as scientists and 
employment as teachers. In the initial 
stages of development only a few people 
will have come through the necessary 
scientific education of the secondary 
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school, far fewer than the number that 
could be very effectively used as scientists 
or engineers. It is difficult for a nation 
to make the decision that a considerable 
fraction of this group shall be prepared 
to be teachers rather than utilized in the 
practice of science or engineering. But 
without an adequate supply of competent 
teachers the needs for professionals, for 
technicians, and for public understanding 
will not be met. 

2. The educational program for the 
development of public understanding of 
science and technology should include 
efforts to reach adults through meetings, 
demonstrations, museum exhibits, books, 
pamphlets, articles in magazines and 
newspapers, television, radio and motion 
pictures as well as formal adult courses. 
However, in this paper the concern is 
with the curriculum of the school and 
no explicit treatment is given to the neces- 
sary education of adults. 

(a) The purpose is to develop in all 
children and youth the knowledge, atti- 
tudes, and habits required to utilize 
science and technology fully and effec- 
tively in the economic development of 
the nation. It is not limited to those 
whose special interests and aptitudes 
would lead them into scientific and en- 
gineering occupations. Its aims should 
be to develop in the students an under- 
standing of the nature of science and 
technology, an understanding of the con- 
tributions of science and technology and 
their social effects, attitudes character- 
istic of a scientific outlook, including 
willingness to make necessary changes in 
the ways of working and living which 
seem in scientific terms to be more pro- 
ductive or more healthful than the pre- 
vious ways and habits in harmony with 
this understanding and these attitudes, 
(i) Currently the uninformed public 

thinks of science and technology in 



terms of a specific set of devices and 
practices — the motor car, the television 
set, the clerk and factory worker. 
Science is commonly viewed as having 
definite answers to all major questions, 
a kind of modern magic. Unfortun- 
ately, much of our earlier school in- 
struction in science did not develop a 
greatly different view, but simply filled 
in bits of information and terminology 
within this kind of picture. What is 
needed in developing public under- 
standing is to perceive science as a proc- 
ess of continuing inquiry, depending 
upon observation, rational processes, 
naturalistic notions of cause and effect, 
and possibilities of thus explaining 
phenomena and predicting the outcome 
of specified events. Science seeks to 
answer questions but in the process of 
scientific investigation, while tentative 
answers arc often obtained to the ques- 
tions with which the inquiry began, 
new questions arise, new data are ob- 
served, new explanations are worked 
out, so the inquiry goes on. It is never 
completed but it usually expands and 
deepens our understanding. Corre- 
spondingly, technology needs to be 
viewed by the public as ingenious in- 
vention and development by which 
scientific knowledge is put to work in 
accomplishing some of men’s purposes. 
Thus, scientific knowledge about elec- 
tricity was put to work by the inven- 
tion of electric generators and electric 
motors. Scientific knowledge about 
genetics and about plant ecology was 
used to develop new strains of plants 
which could survive the limited rainfall 
of arid regions. Each technological 
device is a man-made product and is 
often superseded by another invention 
which serves men’s purposes more ef- 
fectively and efficiendy than the previ- 
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ous one. Scientific inquiries are con- 
tinually expanding and changing our 
knowledge. Technology is continually 
expanding and changing both because 
of new knowledge and because of new 
inventions which improve upon the 
earlier ones. It is this view of the 
nature of science and technology that is 
required by the people if they arc to 
understand the need for continuing 
scientific research, for continuing ef- 
forts at technological inventions and 
improvements, and for continuing 
study on their part to keep abreast of 
major developments. 

(ii) Closely related to the need for 
all people to understand the nature of 
science and technology is the need to 
know of their effects, both the social 
contributions and the undesirable con- 
sequences. Science as a way of think- 
ing and of solving problems gives man 
a new hope that he can work out the so- 
lutions to problems which have hereto- 
fore seemed beyond his capacity to 
deal with. Many diseases are being 
brought under control, man’s life is 
being lengthened, much heavy labor 
is being taken off his shoulders, pro- 
duction is being greatly increased. 
But these possibilities have important 
disturbing consequences. As he gains 
new powers, he faces the need of, 
greater self-discipline in the use of 
these powers. For example, no longer 
docs the sheer limitation of the food 
supply control his diet. He must con- 
trol himself in the selection of food as 
to both quantity and type. No longer 
do disease and famine need to deter- 
mine the size of his family. He is now 
responsible. No longer does the limita- 
tion of books, magazines, movies, tele- 
vision and radio determine whether or 
not he continues to study and learn. 



He must discipline himself to make 
constructive use of greater opportuni- 
ties. Furthermore, as man gains 
greater control of his environment, his 
traditional beliefs, including many of 
his religious beliefs, will appear to him 
to be in conflict with new knowledge 
thereby creating contradictions which 
he will have to resolve. A serious re- 
sult of technological development is 
the pressing demand for new skills on 
the part of those who operate and use 
new devices and the consequent obso- 
lescence in skills which were required 
before the new devices were employed. 
This places upon man continuing re- 
quirements for learning, for changing 
his activities, and for other related re- 
adjustments. Finally, people need to 
understand that the employment of 
new technological devices will some- 
times produce unintended, undesirable 
outcomes. For example, the rapid in- 
crease in the use of motor cars has 
greatly increased the accident rate, and 
in crowded areas has produced heavy 
smog. As another example the use of 
weed killers in agriculture has also de- 
stroyed beneficial plants and animals. 
Technological inventions should be 
recognized as having potential both for 
good and evil. People need to under- 
stand the importance of assessing the 
probable consequences before wide- 
spread adoption of a particular device 
and to recognize the importance of 
making later assessments of the results 
as the devices are in use. 

(iii) The nature of science and tech- 
nology and their social effects suggest 
the kind of attitudes required which 
are both consistent with the under- 
standing people have and are helpful 
xn promoting economic development. 
The term “attitude” is used here to 
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refer to the emotional quality accom- 
panying one’s understanding of the 
phenomena. Some of the important 
attitudes characteristic of a scientific 
outlook arc: an interest in new knowl- 
edge and in the utilization of new 
knowledge, an expectation of change 
in one’s life and in the society as new 
knowledge and new technology de- 
velop, an objective view of matters 
about which different explanations and 
proposals arc made, a concern with 
consequences of actions rather than a 
concern with the propriety of actions 
in themselves. With attitudes like 
these, people arc sole to accept new 
knowledge and to seek ways of em- 
ploying the knowledge productively. 
They arc able to make changes in 
their own lives and to support national 
and local policies which utilize science 
and technology effectively. Without 
such attitudes, the people will be un- 
willing to use many of the new de- 
velopments in their own lives and will 
resist national and local efforts to utilize 
science and technology fully. 

(iv) The importance of developing 
habits which are supportive of the un- 
derstanding and the attitudes outlined 
above lies in the fact that habits de- 
veloped in youth strongly influence 
one’s later development. If, during 
the school years, the student acquires 
the habit of reading and study and 
conducting small inquiries, he will 
probably continue this practice through- 
out his lifetime. If he develops the 
habit of selecting food in terms of what 
he knows of its nutritive value, this, 
too, can be expected to continue long 
into adult life. If he forms the habit 
of trying to use new knowledge and 
new devices where he finds they im- 
prove his own work, he is likely to 



continue this practice. If he acquires 
the habit in school of studying proposed 
national or local policies in terms of 
their effective utilization of science and 
technology, this will probably become 
a continuing basis for his supporting 
or not supporting such proposals. 
Hence, the development of habits is an 
essential part of the educational task, 
(b) To attain these important aims, 
which are involved in helping all people 
to develop public understanding of sci- 
ence and technology is not easy. It re- 
quires an educational program for this 
purpose which is an integral part of 
the school curriculum beginning with the 
primary grades and extending through 
all the grades of the common school. 
For young children the emphasis is placed 
on observation of natural phenomena in 
their own environment, discussing what 
they have observed and raising questions 
for further study. By beginning with 
very simple illustrations, the children arc 
involved in thinking in terms of cause 
and effect and in using a few basic scien- 
tific concepts to explain what they ob- 
serve. At this age children are able to 
listen to brief stories of scientists, how 
they work, and what they discover. It 
is important that both the observations 
and tne reading exemplify accurately the 
nature of science and technology in sim- 
ple form. Even at this young age, chil- 
dren should be participating in the 
rudiments of scientific inquiry, and mak- 
ing simple applications and inventions. 

In this way they learn to understand the 
nature of science and technology, not by 
being told what they are but by their 
own experience in them. These kinds of 
activities, growing gradually more com- 
plex, are continued as the children grow 
older and move into the upper grades of 
the common school. A similar type of 
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approach is used in helping children to 
understand the contributions of science 
and technology and their social effects, 
drawing upon the opportunities available 
in the children’s environment and build- 
ing on them with materials which de- 
scribe other illustrations. The school 
situation should be planned and con- 
ducted so that children will have the 
chance to make many applications of sci- 
ence and technology in their life at the 
school, and they should also be en- 
couraged to make applications habitually 
both within and without the school. The 
important points arc to provide for these 
activities in every year of the common 
school and to make the course in each 
year an honest representation of science 
and technology in which the children 
themselves arc involved as thinkers and 
actors. 

3. The preparation of technicians will 
require for some years to come a program 
for the training of adults who have been 
engaged in other occupations as well as 
a program for educating youth for this 
work. However, the concern of this 
paper is the school curriculum rather 
than the retraining task with adults. 

(a) Since technicians serve to aid, 
apply, and extend the work of scientists 
and engineers, the number needed at any 
given time is a multiple of the number 
of scientists and engineers employed at 
that time. Typically, the number of tech- 
nicians will be 5 to 15 times the number 
of scientists and engineers. Unfortu- 
nately, in most countries much less atten- 
tion has been given to the need for tech- 
nicians than the need for the professionals 
and as a result provisions for their edu- 
cation arc commonly inadequate and the 
number electing to enter training pro- 
grams falls far short of the needs. In a 
developing industrial economy, tech- 



nicians represent the largest part of the 
trained personnel required. 

(b) The purpose of this program is to 
develop in the students enrolled the 
knowledge, skills, attitudes, and habits re- 
quired for consistent and efficient tech- 
nical performance. Some of these aims 
are common to all kinds of technicians 
while some aims arc specific to particular 
fields such as food processing, engine de- 
sign and construction, road building. 
Among the common aims to be developed 
in the students are: skills in mathematical 
computation and measurement, skills in 
the use of construction tools and ma- 
chines, an understanding of the major 
technical processes involved in the for- 
mation and fabrication of materials and 
in the transmission and transformation of 
energy, habits of completing tasks as- 
signed, of continuous and consistent per- 
formance, of checking on the quality of 
one’s own work, of punctuality, and at- 
titudes conducive to technical effective- 
ness. The educational aims which are 
specific to technicians in particular fields 
arc largely based on the more general 
common aims. The specific knowledge, 
skills, habits, and attitudes needed by 
technicians in particular fields can best be 
developed through actual work in these 
jobs, experience which should be co- 
ordinated with the training experience 
provided in the school. 

(c) The educational program for the 
preparation of technicians builds upon 
the science program outlined in para- 
graph 2 for all children and youth, pro- 
viding specialized training in the post- 
primary years, either as one of the chief 
offerings of a comprehensive secondary 
school or as the curriculum of special 
technical schools. The program should 
be a carefully planned period of instruc- 
tion, combined with related work experi- 
ence, which occupies 3 to 5 years, and 
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normally begins with youlh who are from 
12 to 14 years of age, The approach to 
science continues the kind of participa- 
tion in scientific inquiry by the student 
which was characteristic of the science 
course in the primary school. However, 
in die technicians’ course, laboratory ex- 
periences with more use of measuring in- 
struments are employed. The basic con- 
cepts of physics, chemistry, and biology 
arc used by the students in their inquiries. 
The mathemadcs work extends the stu- 
dent’s experiences in mathematical think- 
ing and he performs more complex and 
precise measurements and computations. 
A combination laboratory and shop is 
also provided to enable the students to 
participate in making and using tools and 
types of apparatus, in the operation of 
common technical processes, and in in- 
venting and using new technological 
procedures and devices. In these experi- 
ences, as well as in the actividcs the stu- 
dent has on the coordinated job, empha- 
sis is placed on his gaining an under- 
standing of the scientific phenomena with 
which he is working, skill in using the 
tools and instruments, and efficient work 
habits and attitudes. 

(d) In the training of technicians in 
the United States, cooperative work ex- 
perience has been found to increase the 
educational effectiveness of the program 
in terms of greater understanding, a 
higher level of skills, more efficient work 
habits, and a more appreciative attitude 
toward the importance of work. Fur- 
thermore, the use of a coordinated work 
experience as part of the educational pro- 
gram eliminates the need for the school 
to procure expensive machines and other 
equipment, farm land, health centers, and 
other installations required for learning 
the skills involved in specialized tech- 
nical fields. Hence, in general, provision 
should be made for close cooperation with 



work situations for which technicians arc 
.being trained such as in industry, agri- 
culture, and the health services. The stu- 
dent spends approximately half of his time 
during the training program in the school 
and half of his time on the related jobs. 
Commonly, the schedule in the United 
States is for the student to spend 3 
months at school, then 3 months on the 
job, then 3 months at school, and so on. 
In some cases, however, the student al- 
ternates each day, spending half his day in 
school and the other half on the job. In 
either schedule the important, point is to 
arrange both work and school to contrib- 
ute directly to the objectives oudined 
above. This means that definite attention 
must be given to sec that each student has 
work experiences paralleling his educa- 
tional ones. The work experience helps 
to illuminate concepts anc) principles. It 
provides for more intensive development 
of skills and habits. Finally, it can be 
of powerful influence in creating an ap- 
preciation of the value of work in a de- 
veloping economy. 

4. The preparation of scientists, engi- 
neers, and other professionals requires a 
high quality of educational effort and it 
takes a longer time than that needed for 
the preparation of technicians, for they 
arc expected to solve the new problems 
which continually arise in the process of 
developing a more productive and effi- 
cient economy through the use of the 
knowledge and methods of science. 

(a) The number of these professionals 
who can make an important contribution 
to a developing country is much greater 
than the number who can be recruited 
and given the long preparation required. 
Furthermore, since their education is a 
very costly one, for every professional 
prepared there should be from 5 to r5 
technicians trained to work with him. 
Since there is no immediate likelihood 
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that the number of arty of these special- 
ized groups will be more than can be 
utilized effectively, the problem is to 
maintain the right balance between the 
number of professionals and of techni- 
cians and to provide educational and 
training opportunities for as many stu- 
dents as can be supported. The number 
of engineers needed is usually several 
times that of scientists. The number of 
mathematicians is fewer than the scien- 
tists, perhaps a third as man). Among 
the scientists, the agricultural, biological 
and health scientists arc usually needed 
in somewhat larger numbers than the 
physical scientists. 

(b) The purpose of this program is to 
develop professional competence in the 
students enrolled. Although the specific 
aims arc different for engineers than for 
scientists and differ among the several 
sciences, the general common objectives 
include the development in the students 
of investigative and problem-solving skills 
in the sciences and technological fields, 
an understanding of the basic concepts 
and generalizations of these fields, the 
ability to apply these concepts and gen- 
eralizations to new technological prob- 
lems as they arise, and attitudes conducive 
to efficient performance in their profes- 
sional work. The goal is to develop 
scientists who arc continually seeking to 
identify pressing problems needing solu- 
tion and arc able to utilize their science 
in solving them, and to prepare engineers 
able to design practicable systems which 
aid in the solution of problems of eco- 
nomic development. 

(c) The curriculum for the preparation 
of professionals builds upon the science 
program outlined in paragraph 2 for all 
children and youth. The specialized 
courses for scientists and engineers usu- 
ally begin in the secondary school and 
extend into post-secondary education, 



either as among the chief offerings of the 
university or as the curriculum of special 
scientific or technological institutions. 
The curriculum should be a carefully 
planned period of instruction which will 
occupy from 6 to 10 years and will nor- 
mally begin with youth who are from 
12 to 14 years of age. The approach to 
science continues to be the kind of par- 
ticipation in scientific inquiry which was 
characteristic of the science course in the 
primary school. However, in the sec- 
ondary school period there arc more lab- 
oratory experiences using quantitive ap- 
paratus where appropriate. In the post- 
secondary school period, those preparing 
to be scientists are participating with in- 
creasing responsibility in research activi- 
ties and in field studies, learning the skills 
of precise investigation and of problem- 
solving. Those preparing to be engineers 
arc also participating with increasing re- 
sponsibility in research activities and in 
field investigations where problems in- 
volving the design of engineering systems 
arc encountered. These experiences arc 
focused on the development of skills in 
analyzing problems, assessing the resour- 
ces available, and designing systems 
which aid in the practical solution of the 
problems. 

5. The preparation of teachers of science 
and technology is a difficult task because 
the teacher must have an adequate grasp 
of the subject he is teaching, he should 
exemplify the characteristics of scientific 
and technological activity, and under- 
stand the learning process sufficiently to 
be able to use the instructional resources 
effectively in helping students to attain 
the aims of the educational program. 

(a) Teachers of science and technology 
are required for the primary schools, for 
the secondary schools, and for the uni- 
versities and other post-secondary schools. 



141 




V 



* 



1 












To staff these schools optimally, the num- 
ber required would far exceed the number 
that can be prepared for some years to 
come. The impossibility of producing all 
the teachers needed makes it necessary to 
plan to use instructional procedures and 
devices which enable teachers to direct 
the learning of larger numbers of students 
than have commonly been assigned. For 
the task of the primary schools, a few 
well-trained scientists and mathematicians 
should be employed to work with primary 
teachers on the selection of instructional 
procedures, materials, and devices which 
can aid children in attaining the desired 
objectives under the guidance of teachers 
who have not had much training in 
science. In some cases, new procedures 
will have to be devised and new learning 
materials constructed, the point is that 
where the supply is limited, the best 
trained teachers and scientists can con- 
tribute most to the educational program 
by producing effective learning materials 
which can be administered by a small 
staff of teachers. In the training of tech- 
nicians there is also a shortage of science 
and mathematics teachers. Hence, the 
same strategy should be used as in the 
primary schools, namely to provide learn- 
ing materials which enable a competent 
person to guide the work of a large num- 
ber of students. Since the teachers of the 
professionals need to exemplify the high- 
est level of professional work in science, 
mathematics and engineering, their sup- 
ply is doubly limited, limited by the 
quality and length of training required 
and limited by the fact that persons at this 
level of competence arc also greatly 
needed as professional scientists and 
engineers. 

(b) The purpose is to prepare teachers 
who are able to stimulate, guide, and di- 
rect one or more of the several programs 



of learning outlined in the previous para- 
graphs. The specific objectives and the 
length of the period of preparation are 
different for the science teacher in the 
primary schools, the teacher of future 
technicians, and the teacher of future pro- 
fessionals. However, there are some 
general common aims for all of these pro- 
grams. Each should seek to develop in 
the students: an understanding of the 
nature of science and technology and their 
role in education, an ability to carry on 
scientific inquiry at the level which is ap- 
propriate for the students they will be 
teaching, an understanding of the con- 
cepts and generalizations which are basic 
to the subjects they will be teaching, an 
ability to plan and conduct educational 
programs in the subjects they will be 
teaching, and attitudes conducive to effec- 
tive performance in their teaching work. 
The educational aims which are specific 
to the different curricula are largely based 
on the more general common aims. The 
specific knowledge, abilities, and attitudes 
needed by teachers of particular subjects 
arc partly developed through actual prac- 
tice teaching during post-secondary 
training. 

(c) The educational program for the 
preparation of teachers builds upon the 
science program outlined in paragraph 2 
for all children and youth. The second- 
ary school training of teachers in science 
and technology is the same as that for 
scientists and engineers. The courses for 
teachers also extend into post-secondary 
education, either as among the offerings 
of the university or of the special scientific 
or technological institution, or as one of 
the courses in institutions specifically 
established for the education of teachers. 
These curricula should provide a care- 
fully planned period of instruction which 
occupies from 6 to io years, including the 
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years in the secondary school, and will 
normally begin with youth who arc from 
12 to 14 years of age. The approach to 
science continues to be the kind of par- 
ticipation in scientific inquiry which was 
characteristic of the science course in the 
primary school. Much of the post-sec- 
ondary school training is similar to that 
provided for scientists and engineers, in- 
cluding participation in research and 
problem-solving activities. However, 
provision is also made for the students to 
develop some initial understanding of 
the role of science and technology in edu- 
cation and of the processes involved in 
learning and teaching. 

(d) The preparation of a teacher in- 
volves supervised teaching experience in 
a school or college in order to understand 
the teaching and learning process more 
intimately, and to develop some of the 
initial skills needed to plan and conduct 
educational programs in science and 
technology. This experience usually 
begins with his assisting a competent 
teacher. The student then assumes in- 
creasing responsibility until he is able to 
play a major role in planning an educa- 
tional program and can take leadership in 
stimulating, guiding, and directing the 
learning of large numbers of students. 
This requires close cooperation between 
those in charge of the program for the 
preparation of teachers and those who 
operate the schools. 

6. It is now apparent that the educa- 
tional tasks which must be performed in 
order to maintain and develop a tech- 
nological economy are so great that 
schools and colleges must become much 
more effective and efficient for the neces- 
sary goals to be attained. Furthermore, 
the demands on education arc growing 
greater. Some of the necessary improve- 



ments will result from the increased num- 
ber of trained teachers who will be 
coming into the schools and colleges dur- 
ing the next few years. Some of the 
improvements will come from construct- 
ing and equipping better buildings for 
educational purposes. However, it seems 
probable that the largest part of the 
needed improvements must come from 
better planning, more careful appraisal 
of results and subsequent modification of 
plans and from the development and use 
of more efficient procedures and devices 
in learning and teaching. Much teach- 
ing now goes on without having been 
planned carefully in terms of the aims 
to be sought and without regard to the 
conditions required for effective learn- 
ing. Most educational programs are not 
systematically evaluated to determine 
how far the objectives are actually 
reached, and little replanning is now 
carried on to use constructively what is 
learned from evaluation. Thus far, too, 
the development of new and more ef- 
fective and efficient procedures and de- 
vices for learning and teaching is in its 
infancy. Moving pictures, television, 
radio, tape recordings, programmed 
texts, teaching machines are examples of 
technology now available for use in educa- 
tion. Efforts to employ them and de- 
velop them further must become a major 
concern. To increase the effectiveness 
of educational programs in science and 
technology, central services should be pro- 
vided within the educational structure 
to help in planning and evaluating pro- 
grams, to experiment with new proce- 
dures and devices for learning, and to 
develop and make available new ideas, 
instructional materials and learning de- 
vices which will increase the efficiency 
of educational efforts. 
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1. It has now become generally recog- 
nized that every nation increasingly de- 
pends for its economic strength and 
sovereignty on science and technology. 
Increasing world populations, shortages 
of conventional raw materials and grow- 
ing economic competition all point to 
further dependence on scientific dis- 
covery and technological development. 

2. Not so obvious are the cultural as- 
pects of science. Science is a part of the 
liberal arts and a nation’s cultural 
strength depends at least in some measure 
upon its scholarship in science. Indeed, 
as history has shown, some cultures and 
nations have died because they could not 
or would not adapt themselves to the 
new age of science and technology. 

3. Further, there are economic reasons 
why it is best for science to be considered 
as a cultural pursuit. Science, planned 
narrowly for its immediate economic 
value, is iikely to become sterile and 
merely a technology by losing its 
scholarly creativeness. So too is educa- 
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tion in the sciences likely to produce men 
trained for past and superseded tech- 
nologies. 

4. Technology is merely a means to an 
end. But the end includes at least the 
cultural fulfillment of man. Science, as 
part of this culture, serves the additional 
purpose of easing the material needs in 
a rapidly changing economic environ- 
ment. 

5. Science and technology also find 
their place in military defense and, un- 
fortunately, offense. This places an 
added responsibility on our scientists to 
assist their fellow scholars, especially the 
humanists, to find the way for man to 
live peaceably with his neighbors using 
the material by-products of science for 
the material and cultural welfare of man 
living under the awful spectre of the 
misuse of the products of science for 
civilization’s destruction. 

6. Just as every man and every nation 
will profit by the material and cultural 
contributions of science and technology, 
so will they suffer by misuse of science 
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and technology. Although all men com- 
monly will share in the application of sci- 
ence, good or evil, and its international 
language, this does not imply that there 
is an identical problem among nations in 
assuming responsibility for the educa- 
tion of people and for the advancement 
of knowledge universally. Science is 
created and taught by individual men of 
differing cultural and sociological en- 
vironments and different prejudices. It 
would be presumptive of anyone, espe- 
cially of me, to claim to know the condi- 
tions at the other end of the communica- 
tion system. The impedance match can 
only be made by direct communication 
among all countries involved. Even for 
the best interests of advancing science, the 
so-called scientifically “leading” countries 
should not try to transmit their prejudices 
and unquestioned tacit assumptions to 
those of lesser stages of development. 
In the manner in which good teachers 
profit from questioning able students, ad- 
vanced scientific nations profit by ques- 
tioning younger nations. 

7. In the spirit of exchanging experi- 
ences, I should like to discuss the princi- 
ples we have applied in the United States 
in tackling the major problem of ensur- 
ing a high quality of education and train- 
ing in science, mathematics, and engi- 
neering. This is especially difficult in a 
period when expanding school and college 
enrollments create a multitude of prob- 
lems, and when there is an ever immedi- 
ate demand for the products of science. 

8. The major problem in education in 
the sciences is to ensure quality of the 
highest level. This problem is com- 
pounded by rapid increases in school 
populations and the immediate demands 
for the products of science. 

(a) The great influence of science in- 
troduces my first principle for develop- 



ing a comprehensive program for the 
strengthening of science education. Sci- 
ence education cannot exist apart from 
general education. Man, in order to be 
adaptable to his surroundings, must be 
educated in the libera! arts. This broad 
education, especially in the humanities, is 
desirable, not only as a solid foundation 
for all professions, but also for the under- 
standing of science itself. Anyone who 
tries to understand such ideas as an 
imaginary number, or probability, or the 
product of probabilities, can acquire a 
better understanding of his difficulties by 
understanding the meaning of an ancient 
Greek tragedy which portrays the limita- 
tions of man’s mind or failure of human 
reason. On the other hand, a physicist 
who understands boundary conditions of 
nature — where, for example, the physical 
conditions on the external boundaries of 
a body precisely determine the physical 
conditions at any point within the body — 
cannot escape the historical conclusion 
that economics or political events any- 
where on their borders help determine the 
economic and political conditions within 
their own country. The first principle 
then is that education in the sciences is 
only part of the educational program to 
be developed. 

(b) The second principle in education 
in the sciences, or education in general, 
is that we concern ourselves with the edu- 
cation of an individual. Thus, if we are 
to motivate our youth in the love of learn- 
ing and toward career opportunities in 
science, our scholars must learn to com- 
municate with our youth. Further crea- 
tivity emanates from the individual mind. 
To be sure, this creation is tempered by 
history and by dialogue among colleagues 
which serves best as a stimulation to in- 
dividual creativity. The most effective 
method of motivating our youth to sci- 
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ence is through science itself. To do this 
requires that the basic principles of sci- 
ence, the crucial theoretical developments 
and the critical experiments, as well as the 
adventure and joy of discovery of sci- 
entific truths, must be made available to 
him. To do this we need teacher-scholars 
and scholarly subject matter to be pre- 
sented to him. With increasing school 
populations and the rapid advancement 
of science, the danger is that mass produc- 
tion methods in education may overlook 
the real needs of the individual, for sci- 
entists ah^ve all must be individuals with 
an independent, critical, and creative in- 
tellect. This leads us to our third 
principle. 

(c) In developing programs to educate 
creative scientists, scholars and creative 
scientists must be given a free hand in 
developing the scholarly substance of 
education. To be sure in the early stages 
of educatior, teacher training in the 
methods of education is essential, but it is 
equally important that the substance be 
provided by scholars. This means that 
the chasm which has grown between the 
educator and the scholar must be bridged. 
This means too that second-rate educators 
and scholars are not good enough. The 
problem of preparing our society to edu- 
cate for the grave problems ahead requires 
our very best talent, our ablest scholar- 
teachers, and productive scholars who 
have the ability to think critically and 
effectively, who understand the basic 
principles of science and who know how 
to apply these principles creatively. 

(d) The fourth principle is that the 
teacher is a key to excellence in education. 
He must be, first, carefully chosen. He 
must possess the characteristics of devo- 
tion to his fellow man, subject matter 
knowledge of his field, the art of com- 
munication of this knowledge, and the 



spirit of learning. He should be given 
the opportunity in his education to under- 
stand the basic principles of his field and 
an opportunity to replenish this knowl- 
edge continually when knowledge is 
accelerating so rapidly. He should be 
given frequent opportunities for intellec- 
tual refreshment, to return to the centers 
of intellectual creation and have some 
association with these creators, and be 
given an opportunity of keeping up to 
date in his discipline. 

(e) In addition, he must be given the 
tools with which to work. The textual 
material which he presents to the students 
must emphasize basic principles and the 
spirit of learning, and be as nearly up to 
date with recent scholarly developments 
as possible. For this reason, our leading 
scholars should be encouraged to work 
with our leading teachers to develop 
scholarly substantive material for texts, 
and, now almost as important, films. 
Critical studies must also be made by our 
scholars to ensure that laboratory appara- 
tus and experiments reflect modern 
knowledge and basic principles and avoid 
dull repetition of basic technologies. The 
student of science and technology also 
needs equipment, but this does not neces- 
sarily mean expensive, sophisticated 
equipment Indeed, sophisticated equip- 
ment may mask the basic principles which 
are to be learned. It takes real skill to 
develop simple, inexpensive equipment 
which can demonstrate the basic prin- 
ciples of science. 

9. These are the principles underlying 
several of the programs to be presented 
elsewhere in this conference. They ap- 
pear to me to be universal, but their 
universality can be tested only by discus- 
sions with you, especially those of you 
who have a different cultural advantage 
and perspective. 
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Purposes of Primary School 
Science Instruction 

i. Plato urged that dialectic, the highest 
skill of asking and answering questions, 
be taught to the future guardians of the 
ideal state — but not before they are 30. 
While he has supporters of the view that 
dialectic, and also science, should not be 
taught in the early years of education, 
none who believes in education at all has 
suggested waiting so long as age 30. 
Young children are naturally curious 
about the universe and their immediate 
environments. In early years children 
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form their basic attitudes, patterns of 
thinking, and modes of behavior. It is 
therefore during these years that particu- 
lar attention must be given to developing 
the attitudes and modes of inquiry that 
are associated with science, its processes 
and content. 

2. One purpose of early science instruc- 
tion is to teach pupils ways of asking and 
finding answers to questions, using the 
processes of science as a model. There is 
general consensus that we must teach the 
processes as well as the products of sci- 
ence. “Processes” is used to refer to the 
methods a scientist uses in his research 
and products,” to refer to content. Tra- 
ditionally students have been taught 
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largely about the products of science and another country to the United States Na- 
rclatcd technology. In the United States tionai Science Foundation Summer In- 
thc new courses for the senior high school stitutes for Secondary School Teachers of 

place much greater emphasis on the proc- Science and Mathematics in 1961 reported 

esses of science. a conversation on his first plane trip in 

3- Before giving more consideration to the United* States, from Washington to 

the issue raised by processes and products, Kansas. He found himself sitting be- 

attention will be turned to a broader view side a girl who had just finished the 

of the purposes of early science instruc- sixth grade (probably age 12). When 

tion. Three major purposes of science she learned that he was a mathematics 

instruction in the early years of school are: teacher, the girl reported that mathe- 

(a) to ensure scientific literacy for all matics was her favorite subject and en- 

P u pils; gaged him in conversation about 

(b) to develop in all pupils the dis- mathematics throughout the trip of more 

position and ability to use scientific than two hours, What amazed the 

methods of inquiry; and, visitor was not her knowledge or skill 

(c) to make it possible for the aver- in mathematics but her strong desire to 

age 14-year-old to study the formal learn why a mathematical property Is 

structure of science. “true” in a given number system and 

4. Scientific literacy is difficult to de- upon what assumptions the proof of the 

fine; yet, even the uninformed have a property could be made. The visitor 

sense of what the term means. Cur- reported that, if we had been able to 

riculum builders must be more specific, bring youngsters to this point of view, 

Some definitions suggest that a scicn- the study of science and mathematics for 

tifically literate person can successfully the future holds much promise for the 

identify scientific fields and their inter- individual and for the country. Possibly 

relationships; distinguish science from the young lady was an exceptional stu- 

technology, while understanding the de- dent but it is clear that her experience 

pendence of technology upon science; use in one of the new programs of mathe- 

correctly more common scientific terms matics had enabled her to acquire the 

(such as, microscope, cyclotron, electron 3 disposition and ability to use scientific 

lithosphere) , identify stages of scientific methods of inquiry in mathematics, 

inquiry; identify conditions for verifica- What the young lady demonstrated is an 

tion of scientific findings; and be able indication of success in meeting a prin- 

to give examples of hew knowledge of cipal goal of the new courses in mathe- 

science lends itself to modification or matics and in science. 

control of environment. Note that such 6. If children are to acquire a disposi- 
a list encompasses both the products and tion and ability to use scientific methods 

processes of science. Other desirable be- of inquiry* their desire to investigate in 

haviors could be identified as important the sciences must be encouraged in school 

aspects of scientific literacy and sharper by frequent experiences in scientific in- 
delineations are needed to distinguish vestigation. Plato would have seen the 

among possible levels of achievement development of the disposition and ability 

intended. to use scientific methods of inquiry as 

5. One of the visiting lecturers from essential for the guardians of the ideal 

148 



U- 



* 






state. Is it not in early science instruc- 
tion where the best chance to achieve 
this goal exists? 

7. What is needed as background ex- 
perience for a pupil to study the formal 
structure of a science should be reason- 
ably clear. 

Advantages of New Course 
Construction 

8. One of the great steps forward in 
the history of education in the United 
States has been an achievement of the 
past 5 years. During this period scien- 
tists and teachers in the schools at all 
levels of instruction have formed effective 
teams to produce new course materials 
for use in the teaching of science in the 
secondary schools. This approach to the 
improvement of education in the sci- 
ences and mathematics is now beginning 
to see fulfillment at the college level and 
in the elementary schools. 

9. Some of the major benefits which 
have come from the availability of new 
sample course materials prepared by 
teams of scientists and teachers are: 

(a) new materials have been made 
available to the schools, which have 
proved to be exciting for the pupils, 
stimulating for the teachers, and en- 
couraging for the parents; 

(b) a new method of curriculum 
development has been shown to be ex- 
tremely effective; 

(c) better articulation is provided 
among school programs at the various 
levels of instruction; and, 

(d) teachers in the schools have a 
new and vital interest in the study of 
the most modern aspects of the scien- 
tific disciplines that they teach. 

10. When scientists were enlisted for 
secondary school course content improve- 



ment work they, almost without excep- 
tion, planned courses for the more gifted 
students. These students would, they 
hoped, become the scientists of the fu- 
ture. Almost by accident it has been 
discovered that the new courses, even 
though planned for the most capable stu- 
dents, also have proved to be the most 
satisfactory for the students of lesser 
ability. In mathematics, for example, 
many teachers who have been persuaded 
to try the new materials in classes for 
less gifted pupils have reported that their 
pupils have maintained an interest and 
an achievement level in mathematics that 
they have never known in more tradi- 
tional programs. These results certainly 
suggest that programs planned for more 
capable students can become the basis of 
program development for all children. 
Many teachers are choosing to teach the 
new courses, with appropriate adjust- 
ments in time but little change in content, 
to pupils of all ability levels. Parents are 
unhappy if their children do not get into 
classes or schools offering the new 
courses. Teachers who have taught the 
new courses say they could never go back 
to the old courses. 

II. The writing of new courses by 
team work of scholars in the field and 
teachers in the schools is a new concept 
in curriculum development in the United 
States. Teachers are beginning to be 
thought of as potential members of the 
community of scholars as new respect for 
teaching as a profession develops. The 
success of the new programs has already 
led to extension of this method of cur- 
riculum development not only to other 
levels of instruction in science, but to 
other fields of study. Texts on curricu- 
lum, written by professional educators, 
are proposing that the scholars have a 
responsibility for school curriculum de- 
velopment and also a great deal to con- 
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tribute. It appears likely that first efforts 
in other fields will also be at the second- 
ary school level even though some critics 
of the new programs have deplored the 
fact that the work in science and mathe- 
matics started at this level, rather than 
at the “beginning” of formal education. 

12. When new secondary school 
courses are produced by teams of scien- 
tists from colleges and universities and 
teachers in the schools, it is necessary for 
the teachers to become much more fa- 
miliar with what is now taught in the 
colleges. The scientists at the college 
level not only have a part in deciding 
what will be included in new school 
courses, but learn a great deal about the 
problems of secondary school teaching. 
Better articulation between school and 
college programs necessarily follows. 
Now we have a Commission on College 
Physics and a Commission on College 
Biology. In mathematics a committee 
which prepared new college courses io 
years ago found little acceptance of their 
sample materials. Now that the new 
mathematics courses have been so well 
received by the secondary schools, recent 
work of the college committee is affecting 
college courses in hundreds of institu- 
tions of higher education. 

13* The influence of new programs 
in science and mathematics on teachers 
and teacher education has been so great 
that this potential benefit will be given 
special attention in a later section. 

14. The enthusiasm of the scientific 
community for extending the course con- 
tent improvement efforts to the early 
grades is reflected in a response to an 
invitation to participate in early stages 
of the primary level work from a well 
known biologist of Wesleyan University. 
He wrote: “The project you are initiat- 
ing, as you arc well aware, is remarkably 



endowed with problems, opportunities, 
and responsibilities. To be able to re- 
write a program of learning which can 
start youngsters off on intellectual in- 
sights that have represented one of the 
great revolutions in human thought, is 
at the same time humbling and tremen- 
dously stimulating. I wish your venture 
every success.” 

15. Those who embark upon the ven- 
ture of stimulating the production of 
sample course materials for elementary 
school science will need humility, as Pro- 
fessor Hanson suggested. Work should 
be started in full recognition of the very 
great importance of the endeavor. The 
importance of the endeavor comes espe- 
cially from the view that, if science ma- 
terials of the kind that we think are 
appropriate can be developed, a change 
in the way people think may result. The 
challenge of developing materials of this 
type is, of course, equally great in all 
countries. 

Teacher Education 

16. Discussions of possibilities of 
bringing about a revolution in the teach- 
ing of science (including mathematics) 
in primary education, emphasize the 
difficulty of adequately preparing pri- 
mary teachers to teach science. An 
urgent appeal is often made that first 
efforts be given to preparation of better 
science courses for these teachers and to 
persuasion of university scientists to teach 
such courses.- As one who has been an 
active teacher-educator for over 30 years, 
who has participated in the preparation 
of innumerable committee reports, writ- 
ten articles for teachers’ journals, spoken 
to hundreds of teacher groups, and taught 
scores of inservice courses, I am convinced 
that all of these efforts were of little 
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avail in comparison with the effect on 
teachers and teacher education of new 
courses for secondary schools which have 
recently been produced. I strongly urge 
that the teacher problem be faced head- 
on, but first with tnc preparation of 
materials for children to use in the 
classroom! 

l 7 * Perhaps the most far-reaching 
benefit to education in the United States 
that has resulted from the work on new 
science courses has been the change in 
the attitude of teachers, both prcscrvicc 
and inscrvice, toward the study of science 
and the concomitant change in attitude 
of the colleges and universities in offering 
appropriate courses for teachers. Even 
5 years ago most science teachers in sum- 
mer school studied professional educa- 
tion, not science. Inscrvice programs of 
schools, rarely if ever, included even so 
much as one lecture on science. 

1 8. Many of our teachers arc enabled 
to study science through the National 
Science Foundation institute programs. 
At the University of Maryland three ad- 
ditional courses in rrtathcmatics, along 
with institute courses, were offered for 
teachers last summer. We were afraid 
there might be no takers. There were 
more than 25 in each class, each teacher 
paying his own way. Five years ago such 
mathematics courses for teachers would 
have been dropped for lack of enrollment. 
There is every reason to expect that a 
similar change in the attitude of elemen- 
tary teachers will result from modern 
courses at the elementary level both in 
the United States and in developing 
countries. 

19. If a desire to learn science is cre- 
ated in teachers, and most teachers can 
have a stimulating and enjoyable experi- 
ence in such study, we have a real chance 
to get the kind of teachers we want. 



Mathematics and Science 

20. Some scientists urge the teaching 
of science and mathematics in the pri- 
mary grades as a single subject. Yet few 
have really thought about how this might 
be done, and altogether too few seem 
.willing to tackle the problem. Efforts 
in the United States have already pro- 
duced some exciting modern materials 
for mathematics study beginning at age 
5. In these materials there is little direct 
reference to the other sciences. The au- 
thors have been captivated by the beauty 
(if not the utility) of mathematics. The 
new courses are already phenomenally 
successful. There, however, will be new 
efforts to produce a unified treatment of 
science and mathematics for the early 
grades. 

21. Methods of scientific inquiry can 
be described in two broad categories. In 
one the scientist starts from knowledge 
that he has, clearly identifies his assump- 
tions, and by new organization of the 
knowledge, builds upon it to obtain new 
conclusions. In the other, the scientist 
starts with a series of observations of a 
phenomenon of nature in which data arc 
recorded and classified, and predictions 
are made about events which might be 
expected. These predictions are then 
tested in the laboratory to determine 
whether the predictions can be borne out 
by further observation, collection, and 
organization of data. Both methods of 
reaching new knowledge are used by sci- 
entists in all fields; both involve hard 
work, careful thinking, often tedious in- 
vestigation, some disappointments and 
some successes. 

22. The first is a basic point of view in 
mathematics. In mathematics one finds 
the development of a logical structure 
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through the process of deduction. In the 
other sciences there is emphasis on induc- 
tion. It is this second type of inquiry 
which appears to hold greatest promise 
for elementary and junior high school 
science, but it holds promise only if 
students themselves can become involved 
in the inquiry. In a technological and 
scientific society, and in developing coun- 
tries where technology and science will 
become of greater and greater importance, 
children’s acquaintance and experience 
with induction and at least informal de- 
duction in the primary grades can be ex- 
ceedingly valuable. In the United States 
we arc already seeing how such experi- 
ences can be provided successfully in 
mathematics. A similar success in sci- 
ence would show one way in which 
mathematics and science could be more 
closely related m the schools. 

23. A still more promising key to in- 
tegration of mathematics and science lies 
in the early introduction of quantitative 
ideas in science. Measurement can be- 
come an important part of science at a 
very early level. So long as science ex- 
periences in the primary school are largely 
concerned with living things, there is less 
place for measurement; but now we see 
the possibility and desirability of intro- 
ducing physical concepts at least by age 6. 
With this change, measurement will have 
early prominence. 

24. A handicap in the United States 
to the integration of science and mathe- 
matics arises from the wide acceptance of 
what we call “social arithmetic.” More 
than 30 years ago, when mathematicians 
and other scientists had almost completely 
abdicated acceptance of responsibility for 
school programs, such topics as simple 
and compound interest, insurance, and 
stocks and bonds found an important 



place in arithmetic because of their so- 
called social significance. Socially sig- 
nificant topics were thought to provide 
motivation for the study of mathematics. 
Today the School Mathematics Study 
Group points with pride to the scientific 
applications in its courses (much too few 
in number) and to the absence of the 
traditional social applications. Better 
still, studies comparing the success on 
traditional tests, in which social mathe- 
matics is emphasized, of pupils who study 
the new mathematics with those in the 
“socially oriented” courses show equal 
achievement for the two groups of stu- 
dents. One major hurdle to more closely 
integrated science and mathematics 
courses has been passed. 

Learning 

25. Recently a young disciple of B. F. 
Skinner addressed a group of teachers 
and thrilled them with accounts of Skin- 
ner’s success in teaching pigeons. One 
confused teacher quite indignantly, in the 
question period, paid tribute to the 
thoughtful presentation and then pointed 
out that she was teaching children, not 
pigeons. She asked: “What can you say 
about children?” The speaker replied 
that there was little to say unless the 
teacher could find him children who 
could be caged twenty-four hours a day 
to keep them away from parents and 
other questionable influences. This story 
emphasizes well that too seldom have 
learning theorists addressed teachers and 
too seldom have they studied children. 

26. Two factors, directly related to our 
concern, are contributing to accelerated 
interest in learning research. One is the 
sensation produced by the Skinner teach- 
ing machines. The other is the deter- 
mination to develop new programs in sci- 
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cncc and mathematics for the schools. 
The use of programed materials, whether 
with or without teaching machines, pro- 
vides a way to control variables in learn- 
ing studies and especially to explore the 
role of structure in learning. The env 
phasis on structure in the new science 
programs and the respectability for sci- 
entists to participate in the planning and 
writing of the new programs make it 
much more attractive for psychologists to 
study how children learn. 

27. Just as he has deplored the fact that 
development of secondary school pro- 
grams preceded development of elemen- 
tary programs, the educator also has 
deplored the fact that new programs in 
science are followed by research in learn- 
ing rather than preceded by such research. 
This possibly is cause for regret. But the 
regret need not be of long duration if 
learning research can now be carried out 
concurrently with the development of 
new programs. The job of preparing 
new science programs for the primary 
grades becomes a job for team effort by 
teachers, psychologists, and scientists 
from the other disciplines. 

28. Studies of how children learn 
mathematics and science most appropri- 
ately have a place in the development of 
new programs for primary school chil- 
dren. In developing countries, along 
with tryout of new sequences, questions 
related to cognition, integration and re- 
petition, verbal generalizations, deter- 
mination of what children can learn, and 
the relation between ability and speed of 
learning, should receive specific atten- 
tion. Scientists and teachers arc asking 
questions, and psychologists arc begin- 
ning to give assistance in formulating 
these questions so that they can be 
investigated. 



29. One question seems of special im- 
portance. Can all children learn mathe- 
matics, or are there blocks in learning 
mathematics like there are for some chil- 
dren in learning music (for example, 
physical difficulties in hearing)? The 
answer is almost certainly that all normal 
children can learn mathematics, and 
hence, science. Psychologists can assist 
us in finding convincing scientific evi- 
dence for this conclusion. Some evidence 
is already suggested by controlled re- 
search utilizing programed instruction 
and by recognition of the importance of 
structure in new science programs. De- 
veloping’ countries should take as a goal 
in education the removal of the social ac- 
ceptance still widely accorded to those 
who feel comfortable in saying “I could 
never learn the multiplication tables!” 

Technological Teaching Aids 

30. The promise of programed instruc- 
tion and teaching machines in relation 
to new science programs has been noted. 
Teaching machines are only one of many 
new technological aids, unfairly called 
teacher substitutes, which will have an 
effect on new science programs. Another 
is the 8-millimeter projection camera, 
recently developed by British tech- 
nologists. Other papers in this conference 
will give attention to many more. The 
Physical Science Study Committee 
(PSSC) has done the best job in the 
United States of producing “a package” 
of teaching materials for a new course: 
student text, teacher commentary, sup- 
plementary study materials for students 
and teachers, inexpensive laboratory 
equipment, films and slides. The PSSC 
plan is to be highly recommended to de- 
veloping countries. 
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A Content-Process Chart 

31. To a remarkable extent there is 
now universal acceptance of the point of 
view that science instruction before age 
14 must be prcdisciplinary. There is also 
consensus that no single program, or 
sequence, for use in all school systems is 
advisable. Note that this conclusion is 
contrary to practice in mathematics. It 
is generally held that subject matter and 
pace can best be chosen to fit existing 
situations within each school because of 
geographical and economic factors, com- 
petence of staff, and other considerations. 

32. There has been less agreement on 
the relative emphasis on processes and 
products (content) but frequent sugges- 
tions that probably, until age 9, the 
primary goal must be to teach the 
processes and to plan the course of study 
with this goal as the major criterion in 
determining content; namely, to choose 
the content which would be most ap- 
propriate in providing experience with a 
given process goal. Again, there appears 
to be wide acceptance of the point of view 
that laboratory experiences would be an 
essential and overriding element of all 
science instruction before the high school. 

33. In early exploration of possibilities 
for development of a science sequence 
for grades K through 9 (usually the 
pupils arc ages 6 through 14) in the 
recently undertaken AAAS study of ele- 
mentary science instruction, it was pro- 
posed that a content-process chart be 
prepared. The chart could be used as an 
instrument for identifying gaps in new 
materials available or in preparation, and 
for giving some direction to work which 
needs to be undertaken. Note that the 
chart gives equal place, in title anyway, 
to content and processes. The chart 
would in no way be intended to hamper 



the free development of ideas by the in- 
dividual scientist or teams of scientists 
and teachers. The chart would provide 
a framework for a structure of science 
experiences over a 10-year period, into 
which even the most bold experiments 
could be fitted. The chart could be help- 
ful as the work progresses and later 
when schools organize their now new 
programs, making use of a large number 
of experimental studies. Many such 
charts of course have been prepared for 
existing programs, but not by scientist- 
teacher teams, and not from the view- 
point of modern science. 

34. A further elaboration of the con- 
tent-process chart suggested that the cur- 
riculum builder think in terms of a 
truncated trigonal pyramid in which one 
face represents the processes of inquiry, 
another the disciplines (physics, botany, 
and so on), and the third, broad con- 
ceptual themes of science. Such a pyra- 
mid, at the moment, is promising; yet, 
one recognizes that its building can be 
done only by the hands and minds of 
many men, as in Egypt 5000 years ago, 
and only if an Archimedes, a da Vinci, 
a Jefferson, a Darwin, and a Gauss arc 
consultant architects. Those with a more 
psychological turn of mind even propose 
that the truncated pyramid become 
pentagonal by adding two more dimen- 
sions, the child and the teacher. If so, 
a Grassman and a Veronese will have 
to be added to the consultant list. 

35. In sober moments one also knows 
that architects with the qualifications 
proposed are no doubt among us and in 
some cases within a single country. They 
will be easier to identify on an inter- 
national basis, however, and the magni- 
tude of the job suggests an international 
approach. Indeed, such an approach is 
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already underway and most surely will 
be stimulated by this conference. 

36. Just as there arc those among my 
colleagues who firmly believe that efforts 
to prepare a statement of purposes and 
objectives of science instruction in the 
early grades will be wasted effort, and 
perhaps even harmful, there arc those 
who believe that an attempt to prepare 
such a content-process chart will bear no 
good fruit. I disagree and in disagreeing 
urge that developing countries give early 
attention to the building of such a guiding 
chart, which would be highly useful even 
as it is frequently revised and extended. 
An exciting phenomenon of man, our 
society, and our times is the realization 
that the resolution of the content-process 
enigma is as important for developing 
countries as for countries of high-level 
scientific and technological achievement 
and for precisely the same reasons. 

The Challenge 

37. What makes a difference between 
action and passivity is a feeling that 
things might get better if something is 
done about present conditions, as con- 



trasted with a feeling that things are 
likely to stay about as they are or prob- 
ably get worse. A scientifically literate 
person recognizes that acquisition of an 
understanding of our environment 
through science enables him, with the 
help of others, to modify or control en- 
vironment through technology. Perhaps 
the most compelling reason of all for 
new programs in science is that the study 
of science gives hope and provides a way 
of action in which hope can be realized. 

38. One view of man holds that great 
responses exist inside man and that they 
need only to be invoked to become mani- 
fest. It is the privilege of anyone in a 
position of leadership to appeal to the 
most towering possibilities. It is my 
thesis that the development of proper pro- 
grams in science in the primary years 
offers one exceedingly promising way to 
invoke these responses. Early science 
study gives promise of progress in sci- 
ence and technology, promise for people 
to learn how to ask and answer ques- 
tions properly — and, for better under- 
standing of man and among men. The 
difficulties are enormous, but the rewards 
arc commensurate — probably survival and 
approach to an ideal state. 
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Introduction 

i. The rapid advance of science and 
technology in recent years has brought 
to all nations a new appreciation of the 
importance of high quality education in 
the sciences. Achieving this quality in 
science education in any country is not 
an easy task and cannot, of course, be 
done overnight. An important step in 
the general improvement effort is to 
modernize science and mathematics edu- 
cation at the secondary school level. At- 
tacking the problem at this level can 
profoundly influence developments at 
other educational levels. Further, it is a 
level especially amenable to development. 

2. Although approaches to the im- 
provement effort may vary from country 
to country, three fundamental problems 
which confront all those who seek to 
develop a more adequate system of pre- 
university science and mathematics in- 
struction arc: (a) the need for 

improvement of the teaching staff; (b) 
the need for improvement in substantive 
course content — to assure scientific 
validity, but in a format which more ef- 
fectively encourages students to learn; 
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and (c) the need for improvement in 
physical facilities — classrooms and in- 
structional equipment. In addition to 
an adequate amount of time and money, 
a venture of this order of magnitude re- 
quires the efforts of many interested and 
dedicated people. A great deal of 
progress can be made in a relatively short 
period of time if programs which fill 
the basic requirements for improvement 
are vigorously pursued. 

3. That each country has its own special 
problems, attitudes, and philosophies with 
respect to education is well known. Also, 
it is realized that these factors have an 
intimate relationship with the ways in 
which education in the sciences can be 
improved in a given country. A discus- 
sion of experiences of the United States 
in improving its instruction in science 
and mathematics at the secondary school 
level may provide some helpful sugges- 
tions to other countries with similar aims. 

4. The general philosophy of the 
American people concerning education is 
well expressed in a quotation by a former 
President of the United States: 

“Education best fulfills its high pur- 
pose when responsibility for education 
is kept close to the people it serves — 
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when it is rooted in the home, nurtured 
in the community, and sustained by a 
rich variety of public, private, and in- 
dividual resources. The bond linking 
home and school and community — the 
responsiveness of each to the needs of 
the others — is a precious asset of Amer- 
ican cducation.”(i) 

Hence the control of education in the 
United States is vested primarily in the 
local community; the central govern- 
ments responsibility is primarily that of 
providing assistance where and when 
needed, but assistance without usurping 
control. As scientific advances pointed 
up the need for more and better-trained 
scientists and engineers, many individ- 
uals felt that the status of science and 
mathematics education in the secondary 
schools of the country should be reas- 
sessed. Studies revealed that there was a 
great need for improving education in 
the sciences at the pre-university level. 

5* Primary responsibility for secondary- 
school education in the United States 
rests with the individual States; however, 
the Federal Government has responsi- 
bility for assisting in educational efforts 
which concern the Nation as a whole. 
Consequently, the Federal Government 
has become increasingly active in promot- 
ing education in the sciences, and during 
the past io years substantial improvement 
in science and mathematics education has 
been achieved with its massive support. 
Although the specific approaches em- 
ployed in the United States are not neces- 
sarily applicable to the educational prob- 
lems of other countries, many countries 
have expressed interest in them, and have 
adopted and adapted some of them. 

6. The federally supported programs 
designed to assist in this improvement ef- 
fort in the United States have been ad- 
ministered through two agencies: the Na- 



tional Science Foundation (an independ- 
ent agency of the Federal Government) 
and the U.S. Office of Education (a com- 
ponent of the U.S. Department of Health, 
Education and Welfare). The National 
Science Foundation’s programs, devel- 
oped in cooperation with the scientists 
themselves, are aimed at improving the 
subject-matter competence of teachers 
and the course content and instructional 
materials used in the Nation’s classrooms. 
These programs deal exclusively with the 
sciences and operate by the Foundation’s 
granting of financial support to projects 
which, in most cases, are designed and 
executed by the science, mathematics or 
engineering faculties of colleges and uni- 
versities or by professionals in these fields 
working through their respective scientif- 
ic societies. The programs administered 
by the U.S. Office of Education are de- 
signed to strengthen education in general 
through State and local school systems. 
In connection with the improvement of 
instruction in science and mathematics 
at the secondary-school level, the U.S. 
Office of Education administers a large- 
scale program designed to assure an ade- 
quate supply of instructional equipment 
in science classrooms. 

Teacher Training Activities 



7* I n the United States, as in many 
other countries, the improvement of sec- 
ondary school education in science and 
mathematics is an important national 
goal. Consequently, the National Science 
Foundation nearly a decade ago began to 
develop new and appropriate mechanisms 
for achieving this goal. Among the more 
important mechanisms that have been 
developed are the training programs for 
in-service teachers. Known as Summer 
Institutes, Academic Year Institutes, In- 
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Service Institutes, and Research Participa- 
tion for High School Teachers, these pro- 
grams have met an important need and 
have become very much in demand 
throughout the United States. 

8. “Summer Institutes”, inaugurated 
by the Foundation on an experimental 
basis in 1953, have proved to be a most 
effective mechanism for improving the 
subject-matter competence of teachers. 
These especially designed summer pro- 
grams or seminars provide teachers the 
opportunity to review basic subject mat- 
ter and to become better acquainted with 
recent discoveries in the subjects they 
teach. Because Summer Institutes have 
been so successful, their number has 
grown steadily. Beginning with two 
Summer Institutes for teachers of science 
and mathematics in 1953, the National 
Science Foundation supported institutes 
of this type increased to 421 in 1962. The 
number of secondary school teachers who 
attended such institutes during the sum- 
mer of 1962 reached a record high of 
20,469. 

9. The effectiveness of the Summer 
Institutes can be attributed to three basic 
facts: (a) the institutes provide courses 
that are specifically suited to the needs of 
teachers; (b) the institutes are conducted 
in a manner designed to result in maxi- 
mum learning; and (c) the teachers who 
attend receive financial support which 
enables them to devote full time to the 
institute training. 

10. Al? institute programs have two 
primary objectives: (a) to improve the 
teacher’s mastery of the subjects they 
teach and (b) to increase their ability to 
motivate students to consider careers in 
science and related areas. Courses of- 
fered in the institutes stress the subject 
matter of science and mathematics rather 
than methods of teaching, although the 



latter may receive attention. Usually the 
courses are aimed toward comprehension 
of fundamental generalizations and prin- 
ciples rather than mere recitation of de- 
scriptive material. This rigorous instruc- 
tion in fundamentals has helped to de- 
velop among the teachers a scholarly 
attitude which is being reflected in their 
classrooms and shared by their students. 

11. Institutes vary in the type of in- 
struction they offer, but all use the group 
training approach. Some are designed 
for teachers who have weak backgrounds 
in subject matter, cither because their 
general backgrounds are inadequate or 
out-of-date, or because they have been 
assigned to teach courses in a subject 
other than their specialty. Other insti- 
tutes offer instruction at an appropriately 
advanced level for teachers who already 
have relatively good backgrounds in sub- 
ject matter, but who desire additional 
training that will make their teaching 
more stimulating and will truly reflect 
the latest scientific knowledge. Experi- 
ence with Foundation-supported insti- 
tutes has indicated that the selection of 
homogeneous groups of participants— 
teachers with similar educational back- 
grounds — is highly desirable. Specifi- 
cally suitable courses can be designed and 
the courses can be taught more effec- 
tively, and at an appropriate pace, when 
the participants have comparable back- 
grounds. Also, it has been found that 
participants with similar backgrounds but 
who come from a wide geographic area 
are likely to learn more from each other 
than participants whose subject-matter 
backgrounds differ or who come from a 
single geographic region. 

12. Usually teachers who have weak 
backgrounds are likely to benefit more 
from programs which emphasize coher- 
ent, continuous course work — while for 
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the teachers with strong backgrounds, a 
relatively greater emphasis on distin- 
guished visiting lecturers is frequently 
appropriate. In all institutes, experience 
has shown that considerable time for dis- 
cussions should be allowed. Course work 
offered by the institutes varies in type. 
Some Summer Institutes offer work in 
several fields of science and permit each 
participant to choose his own combina- 
tion of courses. Other institutes offer 
work in a single field, which in some 
eases might be as elementary as “Funda- 
mental Principles of Chemistry”, and in 
other instances might be as specialized 
as “Recent Advance in Thermodynam- 
ics”. If an institute program is confined 
to a single subject-matter area and level, 
very desirable esprit de corps quickly 
develops. 

13. The benefits from group interac- 
tion constitute one of the principal ad- 
vantages of institutes over ordinary sum- 
mer schools. It has been found that par- 
ticipants gain from each other, through 
informal discussions outside the class- 
room among themselves. Indeed, the 
benefits derived from the participants’ ex- 
change of stimulating ideas and their 
teaching experiences are sometimes re- 
ported to be as great as the benefits re- 
ceived from the courses and lectures. 
Usually participants arc housed in an 
area especially reserved for the institute; 
arrangements arc made for the group to 
cat together at least once each day, and 
lounges where impromptu discussions 
can occur at any time arc provided. Also, 
activities such as coffee breaks, field trips, 
occasional evening lectures suitable for 
families, and occasional picnics have been 
successful in serving to foster group spirit 
and promote discussions among the par- 
ticipants. 

14. The length of time an institute is 
in session will (typically) be from 6 to 



8 weeks. (This means that most teach- 
ers still have some time for a brief vaca- 
tion period before returning to their 
teaching duties in the autumn.) The in- 
stitutes are conducted at various colleges 
and universities throughout the country 
with funds provided by the National 
Science Foundation. In addition to 
funds to pay for operating costs, the 
Foundation’s grants include support for 
the participating teachers in the form of 
stipends and travel and dependency 
allowances. 

15. Allowances for participants are in- 
tended to cover the normal expenses in- 
volved in attending the institutes. In ad- 
dition to a travel allowance for one round 
trip from home to institute, each par- 
ticipant receives a weekly basic stipend 
and an allowance for dependents. The 
stipend and dependency allowances arc 
set at a level high enough so that a teach- 
er can afford to forego earnings he might 
otherwise obtain through summer work 
outside his profession, although the finan- 
cial emoluments associated with institute 
attendance do not ordinarily serve to re- 
place all of the income the teacher would 
have derived from summer employment. 
Most (sometimes all) of his stipend is 
needed for expenses at the institute — 
usually room and board, etc. He does 
not have to pay tuition or fees since the 
National Science Foundation pays the 
operating costs of the institute. 

16. The colleges and universities which 
conduct Summer Institutes assume full 
responsibility for the planning and ad- 
ministration of such programs. Plans or 
“proposals” for institutes are submitted 
to the National Science Foundation by in- 
stitutions and are evaluated by panels of 
non-governmental consultants — scientists 
and educators — who are in no sense em- 
ployees of the Foundation. For those 
plans which are judged to be most meri- 
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torious and most likely to offer the great- 
est educational benefits to the teacher- 
participants, the Foundation provides the 
necessary financial support. 

17. Although first conceived as a re- 
medial, temporary, and expedient mech- 
anism for improving science education 
in secondary schools, the summer in- 
stitutes mechanism seems now to be re- 
garded as a more or less permanent part 
of the educational scene in the United 
States. It has come to be recognized that, 
even if all teachers could be brought to 
adequate subject-matter mastery for the 
present, their knowledge would be too 
much out-of-date within a few years. 
Also, there is not only the problem of cor- 
recting subject-matter deficiencies of the 
present teachers; many new teachers — 
fresh from teacher-training programs — • 
are found to be inadequately prepared. 
New and better approaches to the train- 
ing of science teachers-to-be is one of our 
most important unsolved problems. 

18. The program called “Research 
Participation for High School Teachers” 
is another type of National Science 
Foundation activity which has been very 
helpful in improving the science teacher’s 
classroom instruction. It offers training 
in scientific research and is intended for 
teachers with better-than-average prepara- 
tion in science. Participants are given 
the opportunity to gain research experi- 
ence with competent investigators at col- 
leges, universities, and non-profit research 
organizations. Not only is the teacher’s 
understanding of science and the scientific 
method increased through such experi- 
ence, but, in some cases, teachers are able 
to carry out research which may lead to 
an advanced degree. This program, too, 
is designed as a summer activity; how- 



ever, provisions are made for the support 
of a limited number of participants to 
continue their research (part-time) at 
their home institution during the aca- 
demic year. 

19. Teachers enrolled in research par- 
ticipation programs receive the same 
stipend, travel, and dependency allow- 
ances as do participants in the Summer 
Institutes. Research opportunities are 
offered in a variety of disciplines in the 
mathematical, biological, physical and 
engineering sciences, and in psychology. 
A typical program is of 8 to 10 weeks’ 
duration. 

20. Academic Year Institutes and In- 
Service Institutes, similar in purpose to 
Summer Institutes, deserve mention as 
extremely valuable Foundation-supported 
programs for teacher training. In the 
Academic Year Institutes, secondary 
school teachers are given the opportunity 
to study intensively an appropriate se- 
quence of courses in the subject matter 
of their disciplines; such study is pursued 
on a full-time basis for 9 to 12 months. 
Stipends and allowances arc provided to 
the participants. The In-Service Insti- 
tutes, in contrast, offer instruction in sci- 
ence and mathematics on a part-time 
basis during the academic year at col- 
leges or universities, or at off-campus 
centers, so that teachers may attend while 
still teaching full-time in their schools. 
Classes are held on Saturdays or during 
after school hours. Teachers participat- 
ing in In-Service Institutes receive no 
stipends, but do receive modest travel and 
book allowances. As in all the institute 
programs, the Foundation’s grants to 
sponsoring institutions cover the par- 
ticipant and operational costs of the In- 
Service programs. 
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Course Content Improvement 

21. In addition to the major task of im- 
proving the subject matter competence of 
its teachers, the United States was — and 
in large measure currently is — faced with 
the equally important task of developing 
courses of study in science and mathe- 
matics for use in the Nation’s schools 
which reflect in an adequate way modern 
advances in science. For some time it 
had been recognized that courses in these 
subjects had, in general, lagged a genera- 
tion or more behind the state of knowl- 
edge in a given field. Patterns of reform 
in course materials began to emerge in the 
early and middle 1950’s. About that 
time many scientists, mathematicians, and 
engineers in universities became gravely 
concerned about inadequacies in the prep- 
aration of entering college students. 

22. Realizing that a major effort was 
needed in this area, the President’s 
Science Advisory Committee in 1959 
clearly pointed out what was required of 
the country’s leading scientists: 

“This is not a task from which the 
scientists themselves can stand aside. 
It requires the attention of the most 
able scholars in the various fields; men 
who have an encompassing view of 
their subjects; who know their subtle- 
ties and who can judge the emphasis 
which can sensibly be given each 
aspect.” (2) 

A number of such scholars had partici- 
pated in early experimental projects for 
curriculum reform and their significant 
contributions to the course improvement 
effort were immediately recognized by 
all concerned. 

23. Through grants made by the Na- 
tional Science Foundation in 195 6, the 



first of a number of major federally sup- 
ported projects for course content im- 
provement in the sciences got under way. 
These projects represent the highest order 
of scholarship in the development of 
curricula, courses, and instructional ma- 
terials that reflect contemporary scientific 
knowledge and points of view. Plans for 
such projects come into being when 
scientists of high professional stature and 
teachers of recognized competence and 
experience determine that an urgent 
need for improved subject matter exists 
in a particular field — and these individ- 
uals propose the action to be taken. 
Projects for course content improvement 
are selected for support solely on the basis 
of their merit, as are all projects and pro- 
grams which arc funded by the National 
Science Foundation. Grants are made to 
the institutions of higher learning or other 
organizations with which the project 
directors (university scientists) are asso- 
ciated in the conduct of such projects. 
Emphasis is placed on subject matter 
rather than pedagogy in these course im- 
provement efforts. However, teachers 
take part in the initial writing and in the 
classroom trials of the preliminary ver- 
sions of new courses to insure that the 
materials developed will be pedagogically 
sound. 

24. Large-s:ale projects concerned with 
physics, mathematics, chemistry, and biol- 
ogy courses for secondary school students 
were the first to receive the attention and 
support of the Foundation. New course 
materials in these subjects areas were 
developed by study groups and then tested 
in various high schools in various regions 
of the country. Tests of materials must 
be alternated with revisions until the 
materials meet the requirements of scien- 



tists, teachers, and students. Materials 
thus developed include textbooks, equip- 
ment designed for learning through per- 
sonal experience in the laboratory, and 
teaching aids (such as educational films 
and television presentations), sourcebooks 
and guidebooks for teachers, paperback 
books on supplementary topics for teach- 
ers or students and correlated combina- 
tions of all. 

25. A contribution of great importance 
to the improvement of science education 
in general was made by the work of the 
Physical Science Study Committee 
(PSSC) — the first major project for im- 
provement of course content at the sec- 
ondary school level to receive support 
from the United States Government. In 
1956 this committee, made up of some 
of the most outstanding physicists and 
teachers in the United States, set out on 
the task of designing a new physics course 
for high school students. Now essentially 
completed, this major effort required 
several million dollars from private foun- 
dations and the National Science Founda- 
tion, and the arduous labors of several 
hundred people from universities arid 
colleges, secondary schools, and research 
laboratories. Early versions of the ma- 
terials developed by this large team were 
subjected to searching trials in schools. 
The PSSC-developed books, films, and 
apparatus are now available through com- 
mercial distributors to any school in the 
United States that desires them. During 
the 1961-1962 school year about a fifth of 
all students studying physics in United 
States schools v^rc taking the new course, 
and instruction for many others has been 
influenced in some degree by the new 
materials. 

26. Besides illustrating the results of 
a method of reconstructing science cur- 



ricula through collaborative efforts of 
research scholars and teaching scholars, 
the work of the Physical Science Study 
Committee encouraged scientists and 
scholars in other fields to undertake 
similar activities in their specialties. In- 
terest in the Physical Science Study Com- 
mittee project has also been expressed 
by scientists in other countries. 

27. In the field of mathematics a group 
known as the School Mathematics Study 
Group, aided by grants from the Na- 
tional Science Foundation, began course 
development operations in the summer of 
1958. Since then, this group has done 
a tremendous amount of work in develop- 
ing sample courses, textbooks, commen- 
taries for teachers, and associated mate- 
rials for grades 4 through 12. Definitive 
versions of the model materials for grades 
7 through 12 arc now available to the 
schools that wish to use them. Further 
work is under way on materials for lower 
grades, on an alternative 10th grade 
geometry course, on self-study books for 
teachers, on experimentation on pro- 
grammed presentations, and on a long- 
term study of the effects of the various 
new approaches to school mathematics. 

28. The status of chemistry courses in 
the secondary schools of the United 
States was perhaps somewhat less serious 
than in other scientific fields. Over the 
years university chemists have attempted 
to help schools through such means as 
journals and review courses for teachers. 
Nevertheless, leading chemists came to 
realize that most school courses failed to 
give adequate attention to fundamental 
understanding of chemical processes, 
despite the great strides the science it- 
self has made in the last two decades. 
The question of the roles of secondary- 
school and beginning college courses in 
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chemistry was soon explored. This in- 
quiry led to the idea of designing a 
high-school chemistry course that would 
stress basic principles with chemical 
bonding as a central theme. With fi- 
nancial assistance from the National 
Science Foundation, an effort known as 
the Chemical Bond Approach Project was 
carried forward. A definitive edition of 
a chemistry textbook produced by this 
project is expected to be available for use 
in high schools by the fall of 1963. 

29. Since diversity has always been a 
highly valued hallmark of American cdu- 
cation, it was no surprise when other 
chemists advocated a high-school course 
somewhat different from that proposed 
by the Chemical Bond Approach Project. 
Thus, another important contribution in 
this field is being made by an effort 
known as the Chemical Education Ma- 
terials Study. This group is devising a 
course with special emphasis on chemistry 
as an experimental science. In addition 
to a basic textbook, a laboratory guide, 
and teacher’s guide, the group is prepar- 
ing films, supplementary readings, charts, 
and other learning aids. By the fall of 
1963 a definitive edition of the textbook 
and the laboratory guide arc expected to 
be ready for school use. 

30. Biology, too, has received the at- 
tention of first-rate scientists and teachers 
who became interested in the problem of 
creating better science courses for second- 
ary school students. In 1959 an effort 
known as the Biological Sciences Cur- 
riculum Study undertook the develop- 
ment of modern course materials for the 
study of biology. With the aid of Na- 
tional Science Foundation grants, this 
group has made considerable progress in 
producing new materials. The first ver- 



sion of experimental materials was tested 
during the 1960-61 school year. During 
the following year some 400 schools were 
testing revised versions. Eventually at 
least three different biology courses suit- 
able for the secondary school level will 
be completed under the Biological 
Sciences Curriculum Study project. By 
1963 this group expects to have com- 
mercial versions ready for use in any 
school desiring to utilize these new 
materials. 

31. Certain common elements in the 
objectives and the operation of the second- 
ary-school study groups deserve mention. 
Each project has aimed at a course in 
which the major developments of the field 
arc presented in logical sequence. Tech- 
nological and purely descriptive aspects 
have been dc-emphasizcd, and major at- 
tention has been given to basic concepts 
and principles. Special stress has been 
laid on the laboratory part of the course; 
the objective has been to replace routine 
* cookbook” procedures with an approach 
in which the student will develop a 
genuine feeling for the nature of scientific 
inquiry and discovery. In some eases, 
parts of a course are taught largely 
through laboratory experience. 

32. In all fields, students and teachers 
in the trial schools have responded with 
enthusiasm to the various new ap- 
proaches. The high level of student 
achievement has demonstrated that stu- 
dents are willing and eager to delve into 
content which a few years ago many 
teachers would have considered far too 
difficult. 

33. Somewhat to the surprise of sci- 
entists and educators in the United States, 
these course-content improvement efforts 
undertaken to meet American needs have 
turned out to be of great interest to coun- 
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tries in every section of the world. Be- 
cause it was developed first, the physics 
course produced by the Physical Science 
Study Committee has attracted special 
attention. Seminars, conferences, and 
other meetings on this course have been 
conducted in Great Britain, Austria, 
Scandinavia, Israel, Italy, Brazil, Japan, 
Pakistan, and India. Translations and 
adaptations are currently being prepared 
in several countries. 

34* A recent experience in Nigeria fur- 
ther illustrates the interest of other coun- 
tries in these new course materials. Dur- 
ing the past fall, high school students in 
Nigeria shared with their contemporaries 
in the United States the benefits of the 
modern concepts presented in new cur- 
riculums in mathematics, physics, and 
chemistry which arc now widely taught 
in United States secondary schools. In 
preparation for teaching these courses, 56 
Nigerian mathematics and science teach- 
ers received instruction for about 6 weeks 
during the past summer from American 
professors and teachers at University Col- 
lege, Ibadan, Nigeria. 

Scientific Instructional Equipment 

35. Well-trained teachers and modern 
courses contribute substantially to better 
science instruction in the schools, but 
another major need must be met in the 
total improvement effort— the need for 
laboratory space and scientific equipment. 
Good science teaching demands scientific 
instructional equipment of the right kind 
and in the right amount. When the 
United States looked into this situation, it 
found that a critical need for improve- 
ment in these areas existed and that 
financial assistance from the Federal Gov- 



ernment would be of great benefit in 
correcting the deficiencies in physical 
facilities. Consequently, a program was 
established in 1958 under the aegis of the 
U S. Office of Education to provide for 
Federal grants to State educational agen- 
cies to aid local educational agencies to 
acquire laboratory or other special equip- 
ment for science and mathematics teach- 
ing in public schools. Also to be included 
in these grants were funds for minor 
remodeling of laboratory or other space 
to be used for such equipment. Under 
this program States or local school sys- 
tems arc required to match the Federal 
funds on a dollar-for-dollar basis. 

_ 36 With the aid of Federal funds pro- 
vided by this program, schools have been 
able to acquire, for example, resource 
materials and equipment in mathematics 
such as demonstration models, resource 
books, periodicals, filmstrips, films, and 
other materials fer enriching instruction 
in mathematics. Science instruction has 
been improved by the acquisition of 
equipment such as microscopes and port- 
able demonstration laboratories. 

Conclusion 

37 * An abundant amount of evidence 
accumulated over the past several years 
clearly indicates that the programs just 
described have aided materially in raising 
the qualitative level of science and mathe- 
matics instruction at the pre-university 
level in the United States. Some of this 
evidence has been produced through re- 
search studies carried out by trained in- 
vestigators, but a considerable portion 
also comes from teachers and students 
who have experienced direct benefits from 
the institute training, course-content im- 
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provcmcnt projects, or the scientific 
equipment program. There is no ques- 
tion that these activities which have been 
initiated and carried forward by the Na- 
tional Science Foundation and the U.S. 
Office of Education have contributed 
significantly to the improvement of edu- 



cation in the sciences in the United States. 
It is quite possible that other countries 
facing similar problems would find such 
programs, or modifications of them, ef- 
fective in improving the quality of sec- 
ondary-school science and mathematics 
education in their schools. 
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1. In this paper, “curriculum revision” 
is intended to signify the entire process 
of the preparation of educational materi- 
als for use in the formal school system, 
or in direct association with the formal 
school system. It is thus an inclusive 
term, and in the context of this paper 
should be distinguished from the more 
limited activity in which general cur- 
ricular directives arc set forth and their 
implementation left to others. 

2. Over the past 6 years, major cur- 
riculum revisions have been undertaken 
in the United States over a wide range 
of subjects. Early activities were re- 
stricted to mathematics and the natural 
sciences, but more recently revisions have 
been extended to the fields of modern 
languages, including English. 

3. The purposes of all these activities 
are much the same. They reflect, in the 
first place, dissatisfaction with the gulf 
that has been permitted to open between 
the professional scholar or research scicn- 
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tist, on the one hand, and the schoolroom 
on the other. 

4. This general dissatisfaction has been 
reinforced by a growing awareness that 
the capacity of children to learn has com- 
monly been grievously underestimated. 
Mathematicians particularly have dis- 
covered that children by the age of 10 
years or even less can master extremely 
subtle concepts, if those concepts arc prop- 
crly presented to them. Investigations 
over the past 10 years have led one 
psychologist to propose that “any subject 
can be taught effectively in some intel- 
lectually honest form to any child at any 
stage of development.” (1) Even if this 
statement is broadly qualified, it remains 
difficult to presume that the gulf between 
the professional practitioner and the gen- 
eral student is a necessary consequence 
of the student’s incapacity or unreadiness. 
If any charge of incapacity or unreadiness 
is to be laid, it must now be upon the 
professional scholar himself, who has been 
either incapable of presenting his disci- 
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plinc in an appropriate manner or unwill- 
ing to divert himself from his specialized 
activities to make the requisite effort. 

5. The arousal of fundamental interest 
in the content of elementary and second- 
ary education is a development of pro- 
found significance. Curriculum revision 
has attracted the participation of profes- 
sional scholars whose leadership made 
the recent massive efforts effective. The 
first such revision to be carried out as a 
major program on a national scale was 
that of the Physical Science Study Com- 
mittee, which began in 1956 and entered 
the American school system as a complete 
i-ycar physics course in 1960. Most later 
revisions have been patterned to some 
degree upon that carried out by the Com- 
mittee. Considerations set forth in this 
paper reflect the close association of its 
authors with the Physical Science Study 
Committee program, and consequently 
arc likely to be drawn from the Commit- 
tee’s experience; they should be taken as 
applicable to the entire range of curricu- 
lum revision to the extent that they arc 
general considerations arising out of gen- 
eral problems. 

6. At least four distinct components 
can be distinguished in a program of cur- 
riculum revision: (a) The process of de- 
termining the precise boundaries of the 
educational unit that will be treated; (b) 
the process of identifying the subject- 
matter which is to be dealt with within 
that educational unit; (c) the embodi- 
ment of that subject-matter in material 
form, as text, laboratory or classroom ma- 
terials, and other learning aids; and (d) 
the preparation of teachers in the new 
subject-matter and in the use of the ma- 
terials. Of these four components, the 
first is likely to precede the rest; the 
determination of subject-matter, its em- 
bodiment, and the preparation of teach- 



ers must however be carried on to a large 
degree simultaneously, 

The Educational Unit 

7. In an ideal sense, the educational 
process is a continuum, no portion of 
which should be treated in isolation from 
the rest. Yet, such an isolation must be 
arbitrarily imposed "before curriculum re- 
vision may be undertaken. The project 
must be reduced to manageable size if it 
is to be broached with any confidence 
and completed in any reasonable period 
of time. Revision of “education” is not 
a goal that may be realized directly: 
rather, it must be approached in terms 
of revision of mathematics in the early 
grades, or of English in the secondary 
school, or some such practical unit. 

8. In the United States, with its wide 
variety of school systems, each of which 
is in some degree independent of the 
others, there is also a compulsion to work 
in small units. The Physical Science 
Study Committee, as its name implies, 
would have preferred to create a 2-year 
course in physics arid chemistry rather 
than the i-year course in phy.sics that it 
finally produced. Yet, it was necessary 
to recogn ,e that most American second- 
ary schools, as they are now constituted, 
would not find it possible to fit a 2-year 
course into their structures. The deci- 
sion to restrict the revision to physics was 
made reluctantly, but in practical terms 
it was the only decision open to the Com- 
mittee. 

9. The School Mathematics Study 
Group chose to embark on a revision of 
mathematics curriculum over a 6-year 
range, which has since been extended 
to 9 years. This was possible only be- 
cause the Group was able to retain the 
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general structure of mathematics cur- 
riculum and effect its changes within 
that structure. Thus, the School Mathe- 
matics Study Group became a group of 
related programs, each of which worked 
within an existing structure, rather than 
a single extensive program of curriculum 
revision. 

io. It may be protested that this uni- 
tary approach leads to a lack of coherence, 
or at least to a roughness at the scams 
where units meet. This can scarcely be 
denied. But with conventional curricula, 
in the United States at least, the inco- 
herence already exists and, indeed, defies 
attempts to remedy it. The task of join- 
ing a i-year physics course to a i-ycar 
chemistry course will surely be simpler 
when the courses themselves reflect the 
outlooks of the physicist and chemist, for 
in those outlooks the coherence is known 
to exist. 

The Determination of 
Subject-Matter 

n. Two questions must be answered 
in the course of determining the subject- 
matter that will constitute the unit under 
consideration. First, what is it desired 
that the student learn from the unit? 
Second, what selection of material and 
what ordering of that material will make 
it most probable that he will indeed 
learn? 

12. There is never a unique answer to 
the first of these questions. Turning 
again to physics, one might wish to pro- 
vide the student with an intimate knowl- 
edge of modern technology, or with an 
acquaintance with the manner in which 
physics has grown. During the early 
days of the Physical Science Study Com- 
mittee, both of these were entered as pos- 
sibilities and were warmly debated; if 



cither had carried the day, the Committee 
physics course would be quite different 
from the course as it now exists. In fact, 
it was decided instead that the course 
would be directed toward familiarizing 
the student with two central notions of 
modern physics: the wave-particle duality 
and the modern concept of the atom. Be- 
hind this decision was the view that these 
two notions lay at the heart of the modern 
physicist’s outlook upon his universe, and 
that it was this oudook that the course 
should convey. 

13. This answer set boundaries upon 
the answer to the question of selecting 
and ordering. If a one-year course was 
to deal intelligibly with the wave-particle 
duality and nature cf the atom, much 
that has been conventionally taught as 
physics would have to be ignored or 
skimped. Physics is too rich to be taught 
in its entirety in a single year; the criteria 
of selection would have to identify those 
portions of physics which contributed to 
the elucidation of the wave-particle 
duality and the nature of the atom. 

14. As a consequence, the Physical Sci- 
ence Study Committee course contains 
little about sound, or electric circuitry, or 
relativity. They are omitted, not because 
they are devoid of interest, but because 
they are not central to the theme. In- 
stead, the course proceeds through optics 
and the behavior of light to the kine- 
matics of waves, then to Newtonian 
dynamics, electric forces and, finally, the 
atom. All this is told as a continued 
story, in which each chapter is firmly 
bound to its predecessor and leads to its 
successor. 

15. Considerations of this sort are com- 
mon to all curricular revisions. In every 
academic discipline, scholarship over the 
last century has reaped rewards so rich 
that even the most eminent scholars can- 
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not hope to master their subjects in any- 
thing approaching their entirety. No 
student, during his 12 years prior to col- 
lege, is going to “learn” English litera- 
ture; at best, he will become reasonably 
familiar with some small part of it. The 
task of the reviser is to see that what he 
learns is appropriate, and that through 
what he has learned he will be able to 
grasp the significance of the discipline as 
a whole. 

16. The Physical Science Study Com- 
mittee, and secondary-school revisions in 
general, have also the special problem of 
dealing with students who in all likeli- 
hood will never again engage in formal 
study of the subjects they encounter in 
secondary school; the view of those sub- 
jects which they gain in secondary school 
will be the view they carry through life. 
Clearly this must affect the general de- 
cision on subject matter. A course in 
mathematics for the first grade, where 
study is clearly preliminary to further 
study, might well reach an entirely dif- 
ferent kind of conclusion. Yet, the proc- 
ess of decision is the same: what would 
you have the student learn? how is he to 
learn it? If the subject is French, will 
he be expected to speak the language or 
to read it? Will he study French fur- 
ther? Is he to comprehend “Le Figaro” 
or Villon — or “Le Canard Enchaine”? 
There is no certain answer to any of these 
questions; they are matters for decision. 

17. Nor can it be assumed that the selec- 
tion and ordering of subject-matter will 
flow unerringly from the decision on pur- 
pose. The test of a curriculum lies in the 
classroom. However ingenious the selec- 
tion and ordering, they must prove their 
worth in practice. It must be demon- 
strated that the student understands and, 
indeed, employs those elements of the 
professional outlook which have been pre- 



sented to him. Classroom experimenta- 
tion with materials, and the provision of 
a system by means of which classroom 
experience can be evaluated and fed back 
into the process of revision, are basic re- 
quirements of any major program of 
curriculum revision. Without such a 
feedback system, the program wanders 
blindly into unknown territory, and is 
likely to end with a curriculum which in 
practice accomplishes no part of what it 
intended. 

Production of Materials 

18. Materials, in the sense in which the 
word is used here, may be defined as 
anything which may be brought into the 
classroom to aid in the learning process. 
In the first instance it is the textbook, and 
for the foreseeable future the printed text 
is likely to remain the prime learning aid. 
But it is by no means the only learning 
aid. In most science courses, the labora- 
tory is central to the learning process, and 
learning aids must necessarily include 
laboratory equipment, laboratory manu- 
als and guides, and the carefully designed 
experiment. In almost all subjects the 
learning process can be stimulated by 
motion picture films, projected directly or 
by means of television. Live television 
may also be expected to play an ever* 
increasing part. Programmed self-in- 
struction may in time contribute substan- 
tially. Tape recorders are particularly 
significant in language teaching. Nor 
should the importance of secondary ma- 
terials, such as posters, slides, charts, and 
corridor displays be ignored, 

19. Two other learning aids might be 
singled out for attention here. The first 
of these is collateral reading matter. The 
provision of such reading matter becomes 
almost an inescapable obligation of the 
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major curriculum revision, arising both 
out of its mode of operation and its pur- 
poses. The process of elimination which 
takes place in organizing the course im- 
plies that gaps will be left. For some 
students, these gaps may represent the 
very areas of the subject in which per- 
sonal enthusiasms have been engendered, 
and it is only reasonable that the student 
be enabled to fill such gaps by his own 
efforts and on his own time. Collateral 
reading, prepared for the purpose, can 
help in this task. 

20. Another major learning aid is the 
examination. It is not always thought of 
as a learning aid, but it is in ,’ict one of 
the most effective. Programmed self- 
instruction, in at least some of its forms, 
is a recent recognition that the process of 
a monitored self-examination is a power- 
ful learning tool. 

21. The production of any of these ma- 
terials requires the services of technicians: 
the writer, editor, typesetter, and pub- 
lisher; the producer, director, cameraman, 
and film editor; the designer and manu- 
facturer of laboratory equipment. It is 
in the linkage between scholar and tech- 
nician that the curriculum revision is 
most likely to fail. 

22. The central fact is that responsi- 
bility for the finished material can neither 
be assigned to the technician nor shared 
with him. It must lie with the scholar, 
and he must insist that it lie with him 
at all times. The writer, editor, type- 
setter, and publisher must serve him, and 
not he them. If he is making a film, he 
must be prepared to act to some degree 
as his own producer, his own director, 
his own cameraman, and his own film 
editor. This is a commitment he must 
make as part of any commitment to labor 
in the field of curriculum revision, 

23. It is clear why this must be so. 



There will always be a tension between 
subject matter and the form of its em- 
bodiment. The best textbook, from the 
viewpoint of the teacher, is not neces- 
sarily the best textbook from the point 
of view of the professional typographer 
or the professional bookbinder. The 
criteria of teaching or of scholarship arc 
not the criteria of film-making. These 
tensions must be resolved, and it is the 
responsibility of the scholar and the 
teacher to sec that they arc in every in- 
stance resolved in favor of scholarship 
and pedagogy* 

24. This is by no means easy to ac- 
complish. To make good films, for ex- 
ample, requires the services of a good 
director. A good director will have ideas 
of his own, and they will be ideas that 
respond to the imperatives of his own 
profession. But these are not the im- 
peratives of scholarship or of pedagogy, 
and it will frequently happen that the’ 
scene he adamantly intends to provide 
is precisely the scene that distorts the 
subject-matter. Unless it is possible for 
the scholar to insist that the film satisfy 
his own demands at all times, rather than 
those of the director, the film should not 
be made. 

25. The immediate and unrelenting as- 
sumption of responsibility by the scholar 
and teacher must accompany the produc- 
tion of every item of material if that 
material is to be worth having in the 
classroom. It will be a matter of constant 
concern, and it will demand constant 
vigilance. 

26. In the production of material, as 
in every other phase of the program, suc- 
cess and failure will only be established 
in the classroom. Materials must be 
tested in use, revised, tested once again, 
and continue in this fashion until there 
is good reason to believe that they are 
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achieving what they were designed to 
achieve. Every major curriculum revi- 
sion has its chamber of horrors that 
houses the inspirations that failed when 
they were exposed to the student. On 
such occasions, there is nothing to do but 
try again. 

The Preparation of Teachers 

2 7 - The student who is exposed to a 
new curriculum will have little trouble 
with it. If a course is presented to him 
as biology, he will accept it as represent- 
ing biology as unqucstioningly as he 
would have accepted the course it re- 
placed. 

28. His teacher is in a considerably 
different position. The teacher, if he has 
been any length of time in the school 
system, is already familiar with a biology 
course; he has taught it for years, he is 
familiar with it, and to him it is likely to 
represent biology. To be faced with a 
new course which may be entirely dif- 
ferent in spirit and in content, and which 
nonetheless bears the same name and oc- 
cupies the same position in the school, 
is somewhat disconcerting. It is also 
probable that the teacher will not under- 
stand it, and will not lie able to teach 
it. Yet, as a practical matter, the new 
course must be taught initially and for 
many years by exactly such teachers. 

29. Thus, the retraining of teachers 
becomes an inescapable part of the major 
curriculum revision. It must be built 
into the program from the very outset, 
and must be continued long after the 
major portion of the preparation of ma- 
terial is completed. 

30* The first stage of this retraining is 
accomplished more or less automatically 
out of the necessity to associate prac- 
ticing teachers with the program from 



the very outset. If the curriculum revi- 
sion is to be realistic, it must have at all 
its stages the advice and guidance of 
teachers who are familiar with the 
exigencies of the classroom. Working 
upon the day-to-day affairs of the cur- 
riculum revision, and intimately familiar 
with the new materials as they develop, 
such teachers become retrained to a high 
degree of skill and comprehension. 

3 1, Admittedly, their numbers are 
small at best a small fraction of 1 percent 
of the teaching force which must ulti- 
mately be reached. Their value to the 
program, however, cannot be estimated 
by their numbers, for this small corps of 
highly trained, highly skilled teachers be- 
comes the nucleus around which a major 
teacher-training program can be erected. 

In the United States, teacher training 
has customarily been carried on by the 
device of the 6- or 8-week summer in- 
stitute, in which teachers are given an 
intensive course in the use of new ma- 
terials and the rationale of the new 
course. The small cadre of trained teach- 
ers who emerge from the program itself 
arc invaluable in helping direct the first 
of these summer institutes and beginning 
the process of rapid proliferation of 
trained teachers. 

32. As part of the general teacher- 
retraining program, the curriculum re- 
vision should accompany all its material 
with a copious and encompassing teach- 
er’s guide. In the Physical Science Study 
Committee, this guide, detailed as it 
could be made, was treated from the out- 
set as a major item, and handled as care- 
fully as any other product. In size, the 
finished teachers’ guide was far larger 
than the text. From it the teacher could 
extract all pertinent information concern- 
ing the learning material, from an ac- 
count of the philosophy which animates 



the course to the day-to-day detail of 
classroom procedures. It has become the 
teacher’s vade mecum. 

33. The problem of the initial training 
of teachers, in the United States at least, 
is a most difficult one. Institutions of 
higher education from which the great 
majority of teachers emerge, are for the 
most part, intensely conservative and have 
been resistant to curriculum change. As 
yet, no major program has been devised 
that would adopt the same approach to- 
ward curriculum in teacher-training in- 
stitutions as the approach to the problem 
in the lower schools that is being de- 
scribed in this paper. In the absence of 
a direct attack upon this problem, how- 
ever, much is likely to be achieved by the 
mere existence of new materials, which 
will ultimately force themselves upon the 
attention of the teacher-training institu- 
tions. 

34. In the sections above, allusion has 
been made to the importance of the feed- 
back process to the curriculum revision 
program. This process is an inescapable 
part of the development of suitable cur- 
riculum. Until materials have been 
tested in actual classroom conditions, and 
examined scrupulously in the light of 
those tests, there can be no assurance 
that the revision is achieving any one of 
its important goals. The entire program 
must be looked upon as an experiment, 
and until solutions to any given program 
have withstood the test of use, they must 
be looked upon as hypotheses. In the 
end, it will be students and teachers who 
must decide upon the soundness of those 
hypotheses. 

35. The establishment of a feedback 
loop presupposes a certain flexibility on 
the part of the formal school system. 
Classrooms and teachers must be made 
available within the system. At times, 



the structure of an examination system 
must be loosened to assure that students 
who take part in the experiment will not 
be penalized in their academic progress. 
Since the introduction of a new course is 
a most arduous task for the teacher, the 
school system must cooperate by reliev- 
ing the teacher of some proportion of his 
normal duties in order to provide extra 
time for this new one. 

36. In this regard, the United States 
benefits from the benign anarchy of its 
educational system. With some 36,000 
school districts, and an almost complete 
absence of any central direction, it be- 
comes possible in the United States to 
carry on almost any kind of educational 
experiment somewhere there is certain 
to be a school supervisor or principal who 
will undertake to assist. In countries 
with a more rigid educational structure, 
reform can be effectively blocked by re- 
fusal of conservative educational admin- 
istrators to cooperate in the initial steps 
of curriclum revision. 

37. We have dealt so far primarily with 
the mechanisms of curriculum revision. 
These mechanisms, like all mechanisms, 
are significant only in terms of the per- 
sons who are associated with them. The 
quality of a curriculum revision is a re- 
flection of the quality of those who carry 
it out; the mechanisms in themselves pro- 
duce nothing of value. 

38. It must be recognized from the 
outset that the task of curriculum revi- 
sion is one of the most difficult of all the 
tasks upon which the scholar or the re- 
search scientist can embark. Before he 
can hope to make a matter clear to the 
student, he must make it clear to him- 
self, and where the subject-matter goes 
back to fundamentals, this can be enor- 
mously difficult. It is only when the 
scholar begins to prepare material for the 
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io- or 12-ycar-old that he begins to realize 
how much he is accustomed to take for 
granted within his own discipline, and 
how little of his basic material he has 
ever subjected to scholarly scrutiny. 

39. Simply because it is difficult, it re- 
quires not only scholarship and skill, but 
the highest degree of scholarship and 
skill. Successful curriculum revisions 
have been those in which the most emi- 
nent men and women have been willing 
to suspend their own careers over a long 
period of time to apply themselves to 
problems of curriculum revision. Un- 
successful revisions have been those in 
which this association has been denied or 
has been limited. 

40. The involvement of able men and 
women must be direct, and it must con- 
tinue through the life of the program. 
Those qualifications which enable a 
scholar to make sound decisions on the 
selection of subject matter are exactly the 
qualifications required of the man who 
is to write the text, evaluate the feedback, 
make the necessary revisions, and, in 
general, see the program through to com- 
pletion. If these obligations are to be 
delegated, they must be delegated to 
peers. 

41. It must be apparent that curric- 
ulum revision is a time-consuming proc- 
ess. The history of the Physical Science 
Study Committee may be instructive in 
this regard. 

42. 1’hc program began to take shape 
early in 1956, and by September of that 
year it had been established that there 
was a willingness among first-rate physi- 
cists to undertake the work that would 
be required. A formal organization 
began to take shape during the fall of 
1956, and in December of that year 50 
physicists and teachers, of national stat- 
ure, gathered to lay the foundation of the 



revision. At that meeting, a tentative 
selection and ordering of materials was 
established. 

43. Between December and June of the 
following year, drafts of textual materials 
were made by groups who had attended 
the initial meeting. In the summer of 
1957, an 8- week workshop completed a 
draft of one-fourth of the text, began the 
preparation of the remainder, produced 
one experimental film and portions of an- 
other, designed laboratory experiments 
and the requisite equipment, began work 
on the teachers’ guide and examinations, 
and engaged in activities looking forward 
to the creation of other materials. 

44. In the fall of 1957, materials already 
produced went into eight secondary 
schools for classroom testing, and an or- 
ganization was created within the Physi- 
cal Science Study Committee to establish 
and run a feedback system. In the spring 
of 1958, a motion picture studio was put 
into operation. During the summer, 
another 8-week workshop was held. At 
the same time, five summer institutes 
trained some 300 teachers in the use of 
materials. 

45. While production and revision con- 
tinued, 250 schools experimented with 
the new materials in 1958-59. All class- 
rooms, teachers, and students were care- 
fully followed by the feedback orocess. 
The work of producing new materials 
and revising in accordance with feedback 
continued. Further, summer institutes 
were held during the summer of 1959, 
and during the academic years 1959-1960 
the materials were used experimentally in 
500 schools. Final editing took place 
during the summer of i960, and in the 
fall of i960 the course entered ordinary 
commercial channels. 

46. At that time the course was by no 
means complete: many films remained to 
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be made and portions of the laboratory 
were still considered inadequate. How- 
ever, the fall of i960 can be established as 
the date at which the revision ceased to be 
experimental and became an established 
course. The period of preparation of 
materials and experimentation can thus 
be set at something over four years, dur- 
ing which some 800 schools and perhaps 
1000 teachers were directly involved. It 
is worth remarking that the 1000 teachers 
constitute some 8 percent of the total pool 
of secondary school physics teachers in the 
United States. 

47. It must not be concluded that the 
effort terminated in i960. In addition 
to the materials which remained to be 
completed, the feedback process continued 
in operation, and is likely to continue into 
the foreseeable future. The date is al- 
ready approaching when the text and 
associated materials should be revised, 
and for that purpose the feedback loop is 
essential. It is probable that any thor- 
ough-going revision of a portion of the 
course that may seem advisable will im- 
pose the n -jssity for renewed experi- 
mentation in the classr corns. In 1962- 
1963 operations directly connected with 
the use of the Physical Science Study 
Committee materials in secondary schools 
continue to run at approximately 20 per- 
cent of the peak that was reached in 
1958-1959. 

48. To some extent, this can be taken 
as a typical procedure for a major revi- 
sion. To the degree that the Physical 
Science Study Committee was able to run 
at a full head of steam over its entire 
period of experimentation, the time-scale 
may have been shorter than that which 
will be experienced by other programs. 
In addition, it can safely be predicted 
that other disciplines, and particularly 
those within the social studies and the 



humanities, will prove far more difficult 
to handle and will require even more 
extensive experimentation than physics 
or the other natural sciences. 

49. Finall ", some remarks should be 
made about cost. The Physical Science 
Study Committee and most succeeding 
programs have adopted the principle that 
they must make serious demands upon 
the time of men and women whose time 
is extremely valuable both to them- 
selves and to society, and that payment 
should be made for services rendered. 
Academic work is traditionally badly 
paid, and those who have engaged in 
curriculum revision are still badly paid 
in comparison to sums they might have 
earned in industry with a far smaller ex- 
penditure of effort. There has been, how- 
ever, an attempt to elevate the rate of 
payment, and there has been a stubborn 
refusal to enlist assistance: free or at bar- 
gain rates on the plea that it is “good for 
the country.” 

50. The cost of the revision during the 
period 1956-1961 was approximately $6 
million, exclusive of teacher-retraining 
costs, which came approximately to an 
equal sum. Further experience with a 
wide range of curriculum programs will 
establish a sounder base upon which to 
make predictions, but it is certainly rea- 
sonable to expect that in the United States 
costs are likely to run in the neighborhood 
of $r million per annum over a period 
of 5 years for any major program, and 
that a revision which relies heavily on the 
preparation of motion pictures will find 
it necessary to spend at least half as much 
again. 

51. Continuing costs of the Physical 
Science Study Committee are now run- 
ning at a level of $300,000 per annum, 
and are likely to continue at this level in- 
definitely if the course is to be maintained 
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at its present level of quality. Approxi- 
mately one-third of this sum is devoted 
to activities which arc intimately con- 
nected to the course but not central to it: 
preparation of special materials for ad- 
vanced placement courses in physics, co- 
operative activities with foreign countries, 
and so forth. Here again, this may be 
taken, for the moment at least, to repre- 
sent a fair approximation of what other 
revision programs may expect. 



52. These costs should be measured 
against the total cost of the educational 
system, which in the United States runs 
at a level of $24 biliion per annum. Total 
revision of the curriculum, on the Physi- 
cal Science Study Committee scale, car- 
ried on over a period of years, could be 
carried at an annual cost of a small frac- 
tion of 1 percent of the educational 
budget. 



REFERENCE 

(1) Bruner, J. S., The Process of Education, Harvard University Press, Cambridge 
(1961). 



J 



*75 



wi 1 ■ ym 1 m n 1 mi . 1 *m\ 






m 






Specialized Training for the Improvement of 
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Introduction 

i. Because of the rapid pace of de- 
velopment and expansion of scientific ac- 
tivity and technological procedures in 
all parts of the world, the roles of the 
teacher of science and the teacher of 
mathematics are becoming increasingly 
important. This paper is devoted and 
limited to a discussion of projects and 
procedures designed to contribute to an 
improvement in the effectiveness of sec- 
ondary school teachers of science and 
mathematics. 

2. To interpret this delimitation, it is 
desirable to describe some of the terms. 

(a) A secondary school will be thought 
of as a school in which formal science 
instruction takes place for the first time 
in the education of its students, and in 
which considerable emphasis is placed 
on understanding rather than on rote 
memory and manipulation in mathe- 
matics. Such u school should usually 
furnish the final stages of preparation 
for entering the university or university 
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college. Its students generally will have 
had between 6 and 8 (inclusive) years 
of successful primary school learning 
prior to admission, and they will gen- 
erally be between ii or 12 and 18 or 19 
years of age. 

(b) The effectiveness of a teacher re- 
lates to the rate of development of his 
students during their contact with him. 
An effective teacher must have an ade- 
quate mastery of the subject matter he 
teaches. He must also have a deep in- 
terest in his subject and be able to en- 
gender in his '’tudents, to the bounds of 
their individual capacities, an interest in 
and enjoyment of thu. subject. 

(c) Improvement of secondary school 
teachers of science and mathematics 
means enhancement of their effectiveness. 
For purposes of interpretation of this 
paper, this should be taken to include at 
least the following: 

(i) A more complete mastery of sub- 
ject matter. 

(ii) A keen sense of the roles of 
science and mathematics and of scien- 
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tists and mathematicians in the devel- 
opment, maintenance, and operation of 
modern technological systems. 

(iii) An adequate appreciation of 
the nature and importance of the de- 
velopment going on in or projected 
for tlic area in which his school is lo- 
cated. He should come and keep 
abreast of the knowledge assembled and 
disseminated relative to the human and 
natural resources in his area. Ideally, 
he should know, at any time, the ex- 
tent to which these resources have al- 
ready been developed, the rate at which 
such development is proceeding, and 
the specific locations at which signifi- 
cant development projects arc planned 
or arc under way. 

(iv) An understanding of his role as 
a science or mathematics teacher in the 
development of liis area. 

A significant rate of progress toward a 
realization of at least these four items is 
indispensable. If any one of them is 
neglected, the rate of improvement must 
suffer. Furthermore, the advance to- 
ward the realization of these items must 
be begun without delay, and means must 
be continually and urgently sought to in- 
crease the rate of such advance. 

3. It is germane to mention one topic 
without further reference. Some fruitful 
attention must be paid to financial re- 
muneration and social status of teachers. 
Specifically, this means that these facets 
of the teachers’ existence must be made 
both attractive and satisfying. 

4* In the main body of this paper, out- 
line descriptions of programs which 
might be expected to contribute to the 
improvement described in 2(c) arc of- 
fered. Such programs will pertain to 
teachers-in-service and to teachers-in- 
training. 



Principles of Design and Execution 
of Programs for Teachers-in-Service 

5. The current condition of teachers- 
in-service relative to their effectiveness 
varies widely from area to area. For this 
reason it is necessary to design specialized 
training programs specifically for the 
teachers for whom they arc intended. 
The following information is necessary. 

(a) Details of the materials taught in 
science and mathematics in the second- 
ary schools in the area. Some considera- 
tion should be given to necessary cur- 
riculum changes. 

(b) Ability and readiness of teachers 
to present the material they arc required 
to teach or may presently be required to 
teach. This information might be ob- 
tained through properly constructed sur- 
vey tests. At least one organization is 
currently accumulating information rel- 
ative to the solution of this type of test- 
ing problem (1). Care must be taken 
to develop a wholehearted support on the 
part of the teachers-in-service for this 
information-gathering and interpreting 
procedure. If inclusion of “modern” de- 
velopments in subject matter is projected, 
the support of the teachers should be 
generated easily. 

6. In less developed areas, the number 
of teachers-in-service is quite small, both 
absolutely and relative to the total popula- 
tion. The testing program suggested in 
5(b) would, in general, involve small 
numbers of teachers. For example, in 
one less developed area of 80,000 square 
miles with a population of some 6,500,- 
000, the total number of secondary school 
teachers of science or mathematics cer- 
tainly does not exceed 150. 

7. Immediately upon completion of 
the procedure suggested in 5, programs 
of instruction should be designed to meet 
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the indicated needs. Such programs in 
science would include much of the ma- 
terial of rudimentary physics, chemistry, 
and biology. A very heavy emphasis 
would have to be laid on improvization of 
laboratory apparatus, equipment, and sup- 
plies, using materials available in the 
local area (2). Each teacher himself 
would construct a minimum number of 
pieces of serviceable apparatus. This 
last requirement would be satisfied by all 
science teachers, even if they exhibited 
adequate mastery of subject matter. Pro- 
grams in mathematics should include 
work with sets, sufficient to support a 
later study of the rational number sys- 
tem. Other elements in both programs 
would be selected by instructors as the 
program progressed. All lacunas in the 
individual teacher’s mastery of the sub- 
ject matter he is expected to teach must 
be filled. Additional more advanced 
work is desirable. 

8. The problem of execution of such 
programs demands careful attention. All 
pertinent elements in the organization 
of the educational system involved must 
be considered. Detailed plans and proce- 
dures, feasible in specific situations, arc 
required. 

9. From the point of view solely of a 
very quick, very effective improvement 
program, it might be desirable com- 
pletely to withdraw all obviously inef- 
fective teachers of science and 
mathematics from their posts. At full 
pay plus expense allowances and credit 
for a year’s experience toward salary in- 
creases, such teachers might be given, at 
a “central” location in the area, come 14 
months of intensive appropriate academic 
work with pertinent practical overtones. 

In this way potentially remarkable change 
could be effected in science and mathe- 
matics teaching in a very short time. 



10. The procedures presented in this 
paragraph were discussed with a number 
of persons engaged in teacher training 
in less developed areas. Each of them 
has pointed out obstacles, principally per- 
taining to public relations and rigid 
systems of examination and certification. 
However, they all thought the desirability 
of potential outcome of the proposed 
procedures make them well worth 
considering. 

(a) Some details should be given. 

(i) First, personnel units of teacher 
re-trainers should be recruited and or- 
ganized. These should consist of two, 
three, or four persons each. The unit 
should consist of experienced teachers 
and teacher trainers, at least one of 
whom should be of local origin and 
experience. If foreign specialists are 
included, at least one of these should 
have successful experience in teacher 
re-training in his home country. The 
foreign specialist might be expected to 
do a large share of work in the early 
stages, but would later expand the 
work his unit would do and shift more 
of the responsibility to the hands of 
his associates. 

(ii) Re-training units would be as- 
sembled as units, separately or several- 
ly, for orientation exercises. They 
would examine mathematics or sci- 
ence curricula of the area in which 
they would work, visit secondary 
schools in the area, and make contacts 
with the officials. 

(iii) For each teaching personnel 
unit, appropriate if small libraries 
would be assembled, proper laboratory 
apparatus, supplies, and equipment 
would be accumulated. 

(iv) It would be determined during 
this period whether a re-training cen- 
ter should be set up at some center 
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having adequate space and facilities for 
the unit and its students. Altcrna- 
tively, the unit could carry out its 
work by traveling, possibly in a prop- 
erly equipped van, from one place to 
another to reach the teachers nearer 
their schools. 

(v) The students would be or- 
ganized into an appropriate number 
of groups, which would attend the 
re-training activity in rotation. The 
period of attendance would be at least 
2 weeks. The work during this period 
would be intense. Before and after 
each period of attendance, reading and 
other work assignments would be 
made. 

(vi) There would be two periods 
of attendance for each teacher during 
each school year. This would enable 
a teachirg personnel unit to accom- 
modate a maximum of seven groups 
of teachers. Uncer proper organiza- 
tion, this would mean that a teaching 
personnel unit could accommodate a 
maximum of approximately 140 
teachers. 

(vii) During the school vacation 
period the teaching personnel unit 
would conduct a 4- to 6-week session. 
During this session the work of the 
preceding year would be integrated, 
reviewed, evaluated, and extended, and 
preparations would be made for the 
follo\ /ing year’s work. 

(viii) The schedules of attendance 
and outside work during the second 
year would be essentially the same as 
those of the first year. 

(ix) The second long school vaca- 
tion would witness ^he completion of 
the retraining program for the units 
and for the teachers they had accom- 
modated. 



(b) It is obvious that the program pro- 
posed in 10(a), is strenuous, both for 
tcachcrs-in-servicc and for teaching per- 
sonnel units. However, a less strenuous 
program cannot hope to meet the current 
and prospective need. 

(c) In at least some less developed 
areas, the type of re-training procedure 
suggested in 10(a) would be feasible. 
The procedures and time schedules de- 
scribed therein could be modified to meet 
the needs of specific area conditions. 
Furthermore, it might be possible to ad- 
just the intensity and the elapsed time 
involved A continuing review and 
evaluation procedure would have to be 
carried out. 

(d) The secondary school teachers of 
science and mathematics now in service 
in less developed areas form a very small 
part of the corps of such teachers who 
must very soon be in service. For this 
reason the re-training program of 10(a) 
represents only a small portion of the total 
job to be done. At least one, and per- 
haps several, subsequent emergency re- 
training programs will have to be carried 
out to take care of teachers now being 
trained. In the meantime there must be 
emergency re-training programs for 
teacher-training personnel. 

Programs for Teacher 
Training Personnel 

11. In order to insure the adequate 
preparation of teachers of science and 
mathematics for the future, it is essential 
to give careful attention to teacher prep- 
aration procedures and to the personnel 
now doing this work. We here introduce 
the term instructor to indicate a teacher 
(not a student) in a teacher training in- 
stitution. Many instructors have had at 
least a part of their own training outside 
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their own countries. This practice should 
be continued and expanded. The offer- 
ing of a substantial period of study abroad 
for outstanding students who engage to 
return home as instructors will certainly 
constitute a powerful incentive. 

12 . The following emergency rc-train- 
ing program for instructors (see para- 
graph n ) is presented as one which 
could yield results in a short time. 
While this program is not presented as 
the unique optimum program, it must be 
emphasized that a lesser program would 
be self-defeating and futile. Hence this 
program is an absolute minimum. 

(a) The numbers of instructors arc 
rather small. The program here out- 
lined would involve a small operation. 

(b) The program could be started 
almost at once, provided personnel could 
be recruited and active cooperation of 
locally responsible officials could be 
enlisted. 

(c) Teaching personnel units of two 
to four persons each should be recruited, 
each containing at least one experienced 
teacher training expert and at least one 
person engaged in some teacher training 
activity in the area in which the unit 
would work. It is desirable to have in 
the unit some teacher-trainer from out- 
side the area. 

(d) Each unit should have a center of 
operations. These centers should be 
equipped with library facilities, labora- 
tory space and equipment, and class 
rooms. 

(e) All instructors within the area 
serviced by the unit should be effectively 
invited to spend all the periods of vaca- 
tion from school, except possibly a few 
days holiday, working at the center. 

(f) The unit and the instructors (see 
paragraph u) should spend at least half 
their time in enhancing the subject mat- 



ter competence of the instructors. Some 
of the instructors could act as leaders in 
this procedure, but the unit’s personnel 
should be prepared to carry whatever load 
' might be required of them. The class- 
room presentations should be models of 
good pedagogical practice. 

(g) The remainder of the time should 
be used for curriculum studies. Consid- 
erable attention should be given to an 
examination of the area’s stage of de- 
velopment and the roles of science and 
mathematics and of science and mathe- 
matics teachers in its continuing devel- 
opment. In some schools mathematics 
and science are taught with aims rigidly 
fixed on certain crucial examinations, 
many of which do not adequately 
stimulate interest either in the subject 
matter itself or in its relation to the 
problems of the societies in which they 
are set. Ihc instructors must accept the 
responsibility for supplying these needed 
stimuli, hence they must be prepared 
for this function. 

(b) Attention should be given to the 
problem of improvising laboratory equip- 
ment by using indigenous materials. 
While teacher training institutions should 
have reasonably equipped and usable 
laboratories, their graduates will, for some 
time to come, have to make do largely 
with improvised apparatus. Fortunately, 
some work has been done on this im- 
portant problem (2). Some schools have 
no laboratories of any kind. A working 
laboratory should be in the re-training 
process in all. cases. 

(1) Modern computing methods 
should be discussed. 

(j) Attention should be given to the 
art of constructing (setting) and inter- 
preting examinations. Instructors should 
be made aware that there are workable 
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alternatives to rigid crucial examination 
schedules. 

(k) During the school term, the unit, 
either as a unit or in personnel pairs, 
should tour the teacher training institu- 
tions of its area. If proper rapport is 
established during periods of attendance 
at the center, then very useful coopera- 
tive procedures can be established at the 
several teacher training institutions. 
Such procedures would involve reciprocal 
observation and evaluation of the unit’s 
teaching procedures by the instructor, and 
vice versa. 

( l ) This alternation between work at 
the unit center and cooperation and in- 
dividual work during school time should 
continue over a period of about 2 years. 
A tremendous incentive for energetic and 
purposeful work would be prizes consist- 
ing of substantial periods of study abroad. 

(m) Although the period envisaged in 
12(1) is 2 years, it should be the respon- 
sibility of the unit to recommend revision 
of this period at any time during the 
planning and operation of the program. 

Currently Effective Approaches to 
the Problems of Designing Specific 
Re-training Program? 

13. Individual programs must be de- 
signed specifically for each area involved. 
Such programs must take into account all 
pertinent aspects of the local situation. 
Every ethical effort should be put forth 
to gain the support of affected persons, 
organizations, and officials. Descriptions 
of programs must be made available and 
their purposes and intents carefully 
explained. 

14. Some areas have already faced the 
problems of improving their teachers of 
science and mathematics. Descriptions 
of their programs appear for example in 



the monograph: Programs for the Im- 
provement of Secondary School Educa- 
tion in Science and Mathematics by 
Bowen C. Dees, Assistant Director for 
Scientific Personnel and Education, Na- 
tional Science Foundation, Washington 
25, D.C. Additional information will 
certainly be available from the UNESCO 
Publications Center in New York. 

Programs for Well-Trained Teachers 

15. In almost every area there are well- 
trained science and mathematics teachers. 
They must not be neglected. One strong 
incentive for excellent work is the 
prospect of a substantial period of study, 
observation, and travel abroad. A com- 
petition might be organized, on a tempo- 
rary or continuing basis, in which the 
awards were fully financed for periods of 
from 3 to perhaps 15 months. An essay 
on the reason for the teacher’s (or instruc- 
tor s) desire for such travel and study and 
on the relation of his work to the con- 
tinuing development of his area should be 
required in such a competition. 

Continuing Programs 

16. Concurrently with efforts to re- 
train teachers now in service, there must 
be programs for the improvement and ex- 
pansion of regular teacher training pro- 
grams. One of the most urgently needed 
early accomplishments is the elimination 
of waste wherever it occurs. In this con- 
nection, it will be hard to justify the con- 
tinuation of teacher training institutions 
with small numbers of students. The 
problems of effective organization and 
efficient operation are two which must be 
attacked with determination and vigor. 

17. At the same time that the ideas in 
16 arc pursued and expanded, a review of 
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teacher training curricula should be be- 
gun. Revisions and corrections should be 
made where indicated. Some experience 
in this procedure has been accumulated 
in some developed countries. Descrip- 
tions of some such specific programs, ap- 
pear in John A. Brown ct al., Promising 
Practices in Mathematics Teacher Educa- 
tion, School Science and Mathematics, 
5S, 25-40 and 435-444 (1958) and in 
George A. Mallinson ct al., Promising 
Practices in Science Teacher Education, 
School Science and Mathematics, 5S, 13- 
25 (1958). A description of a currently 
conceived long-range goal appears in 
Recommendations of the Mathematical 
Association of America for the Training 
of Teachers of Mathematics, the Mathe- 
matics Teacher, 53, 632-8 and 643 
(i960). 

18. The techniques of teacher educa- 
tion arc in a dynamic state. Teachers in 
teacher training institutions should be 
alert to the situations relative to such 
techniques and should adapt appropriate 
elements and devices to suit their 
purposes. 

Organizations of Teachers of 
Science and Mathematics 

19. During the emergency re-training 
procedures described in 10(a) and 12, 
area-wide organizations of teachers of 
science and mathematics should be ini- 
tiated. These organizations should re- 
cruit members from all segments from 
the universities to the primary schools. 
They should limit their efforts to the 
improvement of science and mathematics 
instruction in schools. This would in- 
clude energetic development and dissem- 
ination of ideas on the subjects of interest. 
It would include the publication of some 
periodical, devoted primarily to the in- 



struction in science and mathematics. 
The organization should establish and 
maintain working relations with similar 
organizations in other areas. Regular 
exchanges of publications, ideas, and per- 
haps personnel should be arranged. Ap- 
propriate lecture series should be organ- 
ized. Public relations activities, includ- 
ing cooperating with available mass 
media of communication, should be en- 
tered into. 

Further Considerations 

20. In all specialized training pro- 
grams for the improvement of secondary 
school teachers of science and mathe- 
matics, energetic and continuing effort 
should be put forth to encourage the ex- 
tensive participation of local personnel. 
Talent searches should be conducted. 
Talented persons found in such searches 
should be educated thoroughly in prepara- 
tion for their early assumption of re- 
sponsibility for the on-going training 
program. An integral and essential part 
of training programs should be the 
emergence of an adequate cadre of in- 
digenous personnel to staff the continuing 
program and later to assist in the design 
and execution of similar programs for 
other areas. 

21. Experience in the use of television, 
motion pictures, and so-called “pro- 
grammed teaching” and “programmed 
learning” procedures and other devices 
and procedures is being accumulated. 
Advantage should be taken of this ex- 
perience as it becomes available. In the 
United States, organizations active in 
these respects include the School Mathe- 
matics Study Group at Stanford Univer- 
sity, Educational Services Incorporated 
in Watertown, Massachusetts, and Lab- 
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oratory for Educational Materials, New 
York City. 

Conclusion 

22. A comprehensive program of spe- 
cialized training for the improvement of 
secondary school teachers in science and 
mathematics cannot exist in isolation. 



Such a program impinges on many allied 
and associated activities. The elements 
described in this paper should be con- 
sidered only as general suggestions to be 
taken into account in any specific plan- 
ning procedure. Plans for any area 
should be made specifically for that area, 
taking into account its peculiar oppor- 
tunities and problems. 
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Support of Specialized Training 
by General Education 

1. Trained manpower is customarily 
classified into three levels: 

Vocational — semiskilled and skilled 1 
workers 

Intermediate — factory and laboratory 
technicians, non-graduate technical 
instructors 

Senior— graduate scientists and engi- 
neers, managerial personnel 

2. The Vocational Level. Industrial- 
ists and educators ir» most countries con- 
sider 2 to 3 years of post-primary 
education as the minimum necessary for 
efficient specialized training at this level. 
In French speaking African countries, the 
2 years of post-primary education previ- 
ous to craftsmen training are automati- 
cally included as “le tronc commun” 
which consists of “la 6 e ” and “la 5 e ” and 
leads to further studies for the Certificat 
d’Aptitude Profcssionelle (CAP). In 
English-speaking African countries, this 
approach is now gaining strength (i). 
Thus, on the recommendation of this 
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author (2), the Western Nigeria Ministry 
of Education is presently reforming the 
so-called Secondary Modern School (a 
3-ycar course following the years of 
primary schooi) by introducing general 
science and workshops (metal and wood) 
as obligatory for all students in the first 
2 years of this school, and has requested 
support for this purpose from the U.S. 
Agency for International Development. 
Observation and testing of students dur- 
ing these 2 years — which thus correspond 
to le tronc commun — will be used to 
channel them in the third year into dif- 
ferent groups according to their abilities 
and aptitudes. One of these groups will 
be “pre-vocational”, and will get one 
more (terminal) year of general educa- 
tion with a strong practical bias consist- 
ing of applied science (elementary tech- 
nology), technical drawing and work- 
shops. Those who leave the terminal 
class will either enter vocational schools 
(Trade Training Centers) or take up em- 
ployment with industry; in the latter case 
they can be, thanks to their pre-vocational 
background, easily trained “on the job” 
as semi-skilled workers (factory opera- 
tives, artisans). Pre-vocational bias will 
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also permit reduction of the length of 
craftsmen training. 

3. The Intermediate Level. In Eng- 
lish-speaking Africa, the W.A. School 
Certificate, (normally taken after 5 years 
of secondary school and equivalent to the 
Ordinary Level of the British General 
Certificate of Education) with passes in 
English, mathematics, and appropriate 
sciences, is considered necessary as a pre- 
requisite for normal entry to a technical 
college for training technicians. The 
Western Nigeria Ministry of Education 
is now introducing in the grammar 
school (3) prc-tcchnical streams in which 
advanced workshops, technical design and 
engineering science will be taught be- 
sides normal general education subjects. 
This again will facilitate the training of 
technicians and leave room for enriching 
the curriculum of the technical college. 
In French speaking Africa, specialized 
training of technicians takes place in 
lycees techniques and colleges techniques 
and is thus automatically based on gen- 
eral, education included in their programs. 

4. The Senior Level. In French-spe ak , 
ing territories the Baccalaurcat, which is 
the prerequisite for training scientists and 
graduate engineers in universities, pro- 
vides a br ad enough base of liberal arts 
(including philosophy) for advanced 
specialized training. In English speaking 
territories the Sixth Forms emphasize 
specialization too much. At least in West- 
ern Nigeria, it is felt that die specializa- 
tion beginning in the Sixth Forms would 
be more effective if it were accompanied 
by considerable broadening of general 
education. The Western Nigeria Min- 
istry of Education, with the support of 
the Agency for International Develop- 
ment, is expanding the program of the 
Sixth Forms in its Ayctoro School (sec 
below) by adding 14 periods a week of 



obligatory general subjects to the 21 
periods a week devoted to specialization. 
These general subjects are: History of 
Philosophy and Science, History of Art, 
Introduction to Logic and Psychology, 
Political Science, and African Problems 
(sociological, economic etc.). After the 
Sixth Forms the students may enter the 
first year of a British-type university} or 
they will have grounds for requesting 
“advanced placement” in an American- 
type university, since several subjects they 
have taken would have been at the same 
instructional level as that prevailing in 
the first two years of an American 
university. 

5. The Comprehensive School and 
Technical Training. The Comprehen- 
sive School, with its combination of gen- 
eral education and elective biases is the 
best preparation for specialized training 
at any level. The Western Nigeria Gov- 
ernment, with support of the Agency for 
International Development, has estab- 
lished a Demonstration Comprehensive 
Secondary School at Ayctoro, and the 
Graduate School of Education, Harvard 
University, is operating it under an AID 
.contract. The Ayctoro Demonstration 
School, planned by Chief Inspector of 
Education Mr. Somade and this author 
(4) is meant to serve as an experimental 
“laboratory” for the educational reforms 
in Western Nigeria. Its main character- 
istics are: (a) a three step structure, each 
of the steps providing general education 
with elective biases for specialized train- 
ing at each of the manpower levels quoted 
in paragraph 1; (b) introduction of new 
course content, particularly in mathe- 
matics and the sciences, based on the ma- 
terials prepared in the United States un- 
der the auspices of the National Science 
Foundation but revised and adapted by 
special writing groups composed of Ni- 
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gcrians and Americans; (c) inclusion of 
vocational education in the program of 
the school to foster the status of the crafts- 
man in the society. Yearly conferences 
on the progress of the school will be held 
with specialists invited from abroad 
(United States, United Kingdom, 
Sweden, etc.) to profit from their con- 
structive criticism. 

Planning lor Training Schools 

6. When “big” industry starts or ex- 
pands a plant in a developing country, 
the first operational stage is directed and 
supervised by the company’s own expe- 
rienced graduate engineers and techni- 
cians. Only when plant operations arc 
well under control, does the cbmpany seek 
to replace its own staff by local engineers 
and technicians. Semi-skilled and skilled 
local workers, are, however, needed at 
once. The former (operatives, artisans) 
can be trained in the factory “on the job” 
(sec above). But training of fully com- 
petent craftsmen requires a minimum of 
two years and special facilities, which in- 
dustry may be unable or unwilling to pro- 
vide; the Government must thus plan for 
Technical (Craftsmen) Training Centers 
well ahead. Surveys of anticipated man- 
power needs should be therefore held as 
frequently as possible and their results 
(numbers, fields) communicated to the 
Ministry of Education. In the absence of 
such survey data, the number of training 
places needed can be roughly estimated 
from the capital investment planned for 
industrial development. For instance, in- 
vestment of about £3,000 in “big” 
(highly mechanized) industry usually 
opens one job at the vocational level, 
while in the case of small private indus- 
trial or servicing enterprises such a job 
may require only about £200 capital 



investment. In this employment aspect 
lies the value of small private enterprises 
for developing countries. 

7* From the numbers of trainees at the 
vocational level one can roughly estimate 
the needed number of technicians (one 
for every ten vocational trainees) and of 
graduate engineers (one for every five 
technicians). The above ratios arc only 
a rough approximation and they do not 
apply to the sector of small private enter- 
prises, since technicians arc not needed to 
supervise small independent entrepre- 
neurs. Also in the important construc- 
tion industry, because of the way it is 
operated in Africa, far fewer technicans 
and craftsmen arc needed than indicated 
by the above ratio. Using the above ratio 
indiscriminately for estimates of numbers 
of the needed technicians and vocational 
personnel from an estimated output of 
graduate engineers must therefore lead to 
unrealistically high figures (5). 

8. In Craftsmen Training Schools, one 
instructor per maximum of 20 trainees 
and, in iechnician Training Schools, one 
instructor per 10 trainees should be an- 
ticipated in planning. Under these cir- 
cumstances the yearly current expenditure 
per one craftsman-trainee amounts, in 
English speaking territories to about 
£200, and that per one technician-trainee 
to about £500. Capital investment de- 
pends on fields of training and on pres- 
ence or absence of boarding facilities, the 
order of magnitude being that of £1,000 
per craftsman-trainee. 

Content (Syllabi) of Specialized 
Training 

9 - The Present Situation . Most semi- 
skilled workers are trained “on the job” 
either in factories or with private “mas- 
ters” and acquire only manual skills 
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without much understanding of the un- 
derlying technology. Short upgrading 
courses are occasionally arranged for 
them by the Government agencies and 
industries, but this is far from being 
widely spread or systematic. 

10. The training of craftsmen takes 
place in Government Technical Schools 
(Centres d’Apprentissage or Trade Train- 
ing Centers, respectively) in Government 
agencies (public works, railways, etc.) 
and in organized training schemes op- 
erated by some big industrial firms. Most 
craftsmen aim at Certificat d’Aptitude 
Professionaelle (CAP) or at the CGLI 
(Intermediate) Craftsman Certificate, re- 
spectively, as their formal qualifications. 
Apprenticeship schemes are patterned on 
those of the respective ex-colonial coun- 
tries and are, in general, of 5 years dura- 
tion. The formal training syllabi, par- 
ticularly in English speaking countries 
are often unrealistic. For example, a 
painter-decorator in Nigeria must acquire 
skill in wallpaper hanging, although wall- 
paper is not used in Nigeria: it mildews; 
a bricklayer in Nigeria must learn to lay 
complex variants of brick bonding and 
build several kinds of fireplaces, although 
none of these skills is in demand on Ni- 
geria’s labor market. 

11. The training at the intermediate 
level is geared either to the Brevet 
d’Enseignement Industriel or to the 
CGLI Ordinary (seldom Higher) Na- 
tional Certificate and takes place in the 
Lycees (Colleges) Techniques or in Tech- 
nical Institutes (Colleges), respectively. 
The need for trainees at this level is par- 
ticularly acute in all African countries. 

12. At the senior level there are, at 
present, only about 13,000 African gradu- 
ates in the 27 countries south of the 
Sahara which obtained their independ- 
ence (or are in the process of obtaining 



it) since 1954 and "which represent a 
joint population of over 140 million. 
The distribution of these graduates is very 
uneven, about 9,500 of them being con- 
centrated in Ghana and Nigeria. Afri- 
can universities — hardly over a dozen of 
them in the territories referred to above, 
and most of them in an early stage of 
their development— follow in the content 
of their studies and ; 1 the structure of 
their degrees the pattern of their respec- 
tive ex-colonial countries, with the excep- 
tion of the University of Nigeria, at 
Nsukka, which attempts to set up a new 
pattern based rather on the American 
than on the British approach. In recent 
planning, special attention is given to 
training of scientists and engineers, but 
the facilities arc still very scarce. The 
majority of the senior staff is composed of 
expatriates. 

13. Suggested Measures. The train- 
ing of semi-skilled workers depends 
largely on the type of skills required in 
the industries which are to employ them, 
and it is therefore difficult to organize it 
effectively in government-operated tech- 
nical schools. The opinion is markedly 
growing that training at this level should 
be organized by the industries themselves, 
mainly on the “in plant” training princi- 
ple, with the Governments giving what- 
ever help they can particularly by in- 
troducing pre-vocational subjects (work- 
shops, technical design, science) in gen- 
eral education which precedes specialized 
training (6). This new approach, be- 
sides being practically sound, relieves the 
Governments of considerable financial 
burden (the semiskilled workers forming 
the most numerous layer of trained man- 
power) of providing student places in 
technical schools and should be generally 
accepted. More detailed recommenda- 
tions appear below. 



14. The training of craftsmen should 
be the responsibility of the Governments, 
but the latter should make all efforts to 
encourage the big industries not only to 
continue their existing craftsmen training 
schemes but to expand them and set up 
new ones. This encouragement should 
take the form of financial incentives (by 
allowing industries to write off as current 
expenses the cost of equipment, of build- 
ings and of instructors used for this pur- 
pose) and even by direct subsidies per 
industrial trainee. Even a subsidy of 
£150 a year per industrial craftsman 
trainee would, in effect, save the Govern- 
ments the respective capital investment 
and a part of the current expenditures 

( 7 ). 

(a) All training syllabi at the sub- 
professional level should be revised and 
adapted to the actual labor market 
needs. New trades (skills) required by 
local conditions (agricultural products 
processing, rubber processing etc.) 
should be given a formal status and 
their programs of training should be 
designed by local professionals, tech- 
nicians and craftsmen. While some 
changes of syllabi are possible even un- 
der the present dependence from 
Overseas Institutions (such as CGLI) 
and while the respective proposals 
should be formulated as soon as pos- 
sible by committees composed of the 
respective technical instructors who 
have had experience in Africa and 
should be forwarded to the overseas 
institutions for their approval — the only 
permanent solution is the creation of 
Regional African Technical Examina- 
tion Boards (Councils). Because of 
the lack of senior technical African 
personnel, these Boards would have to, 
for some time to come, rely to a great 
extent on the help of the existing Over- 



seas Examination Boards and should 
discontinue this dependence only 
gradually, as their own personnel 
strength and experience increase. The 
West African Examination Council, 
with headquarters in Accra, is a good 
example of such a development in gen- 
eral education and should be imitated 
in specialized training at all sub-profes- 
sional levels. 

(b) All sub-professional syllabi 
should include the teaching of manage- 
ment, particularly that of small in- 
dustrial and servicing enterprises. 

15. Senior level training and research 
could get additional support by the crea- 
tion of: 

(a) Institutes of Applied Science and 
Technology, organized on a geograph- 
ical basis (arid zone, tropical zone, 
coastal zone), should explore new fields 
of development in the fields of agri- 
cultural products (and their local proc- 
essing), of sea and coastal resources, 
of industrial products particularly 
suited for Africa, of hydrological and 
geophysical research, etc. In coopera- 
tion with African universities and big 
industries, they should help train spe- 
cialized senior research cadres. In the 
first stage of their activities, these in- 
stitutes would have to be heavily sup- 
ported by foreign financial assistance 
and draw upon the specialist resources 
of consortia of foreign universities, 
learned bodies (Academies of Science) 
and research institutions. 

(b) Educational Research Institutes 
{Councils), preferably organized on a 
politically regional basis, should study 
the process of teaching and learning of 
African children, work out more suit- 
able selection and testing procedures 
(in the latter field they should join 
th^ CCTA Programs) and explore the 












best Ways and means of fostering 
Anglo-French bilingualism, particu- 
larly among the school children. In 
Nigeria, such a Council is presently 
being organized at the federal level 
with the participation of all Regional 
Nigerian Ministries of Education and 
all Nigerian universities. 

16. Both above named institutions 
should maintain close liaison and coopera- 
tion with the African Technical Exa mine - 
tion Boards (Councils) so that the latter 
might profit from the new findings in 
designing special training syllabi that 
would be sound and realistic in their con- 
tent as well as in their pedagogical 
approach. 

Government-Supported On-the-job 
Training 

17. As indicated previously, the train- 
ing of semi-skilled workers is, at present, 
only too often restricted to learning m an , 
ual skills without any understanding of 
underlying technological principles. This 
is true particularly in the case of ap- 
prentices employed by private “masters” 
and by smaller industrial plants. 

18. For these apprentices, the Govern- 
ment Technical Schools (Centres d’Ap- 
prentissage, Trade Training Centers) 
should operate special courses aiming at: 
(a) complementing manual skills by 
theoretical background (principles of the 
related technology, related technical draw- 
ing, related mathematics), (hi) improving 
the apprentices’ mastery of the official 
language of their country, particularly 
within the requirements of their trade, 
but also for the sake of encouraging gen- 
eral reading, (c) demonstrating the use 
of modern machinery which the appren- 
tices might not have encountered in their 



own practice, and (d) teaching them ele- 
ments of management of small private * 
business enterprises. 

19. Although for some time to come 
these courses will have to be operated 
in the evening, the African Govern- 
ments, as soon as their Technical Train- 
ing Schools have been sufficiently ex- 
panded, should press for the passing of 
legislation that would compel employers 
to release their apprentices during their 
legal working hours and on their usual 
pay, so that they might attend the “im- 
provement courses” to the extent of 7:50 
hours a year during at least 3 years. 

20. For workers in small industries 
which are grouped far from the estab- 
lished technical schools, special demon- 
stration nobile workshop vans, manned 
by competent instructors, should be used 
for conducting such courses by travelling 
from place to place. The vans and their 
instructors would be normally based in 
the nearest technical school; but special 
industrial development centers could be 
established for this purpose. Such Cen- 
ters are now being built in Nigeria by 
the Agency for International Develop- 
ment under an agreement with the Gov- 
ernment and will serve, at the same time, 
to improve techniques (and management 
methods) of existing small indigenous 
enterprises. 

21. For craftsmen already well estab- 
lished in their trades and for the inter- 
med;ate personnel, refresher courses, 
upgrading courses, and courses in new 
techniques should be operated in the 
government technical colleges in the 
evening. 

22. For the Senior Staff, the Institutes 
of Applied Science and Technology 
should arrange special refresher and new 
techniques courses; also, from time to 
time, a symposium, arranged on a re- 
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gional basis, should acquaint the senior 
scientific and technical stall of the Ni- 
gerian universities, the industrial firms 
and government corporations and agen- 
cies with the progress made in selected 
fields of the Institute’s activities. 

Training of Technical Instructors 

23. It has been indicated several times 
previously, that an adequate pre-voca- 
tional and pre-technical preparation of 
the secondary school students plays an 
important role in increasing the efficiency 
and reducing the cost (time) of their 
further specialized training. This prep- 
aration includes teaching workshops 
(wood and metal), elements of tech- 
nology (particularly that of metals) and 
technical design. To provide teachers 
of the above subjects, it is proposed to es- 
tablish special Workshop Instructors’ 
Training Centers. These would rake 
entrants holding the GCE (Ord.), or the 
Brevet d’Enseignement du Premier Cycle 
who have had passes in sciences (physics 
and chemistry) and give them a 2-year 
(after GCE) or a 3-year (after. B.E.P.C.) 
course in woodwork, metalwork, tech- 
nical design and principles of technology, 
plus another year in pedagogics and 
methodology of technical instruction. 
These instructors should be treated as 
Grade 1 teachers, as far as their salaries 
are concerned. Nigeria has recently ap- 
plied to the Scandinavian countries for 
support of such a teachers training center. 

24. African technical instructors for 
trade training centers (Centres d’Appren- 
tissage) are now being predominandy 
trained abroad. For the sound develop- 
ment of African technical education it is 
necessary that higher levels of craftsmen 
training (e.g. those corresponding to the 
CGLI Final and Full Certificate) be 



operated locally. It is this level that is 
required as qualification for technical in- 
structors in craftsmen training schools. 
Extensive industrial practice should also 
be required of future technical instruc- 
tors. The course for training of tech- 
nical instructors in their trade should be 
of two years duration followed by an ad- 
ditional year of pedagogical trai nin g, 
Pedagogical training of all technical in- 
structors should be mandatory. The in- 
structors who have not yet acquired such 
training should take it in a technical 
teachers training college, of which one 
should be sufficient for each African 
country. If such a college is not available 
(or the country is too small to afford one) 
technical instructors should take a year’s 
pedagogical course in an ordinary teacher 
training college or in a university-oper- 
ated scheme for pedagogical training of 
technical instructors (University of Ni- 
geria, at Nsukka, plans to operate such 
a scheme). 

25. Lecturers in technical college 
(forming technicians) should also possess 
additional pedagogical training. Since 
such lecturers must be university gradu- 
ates or otherwise have “professional 
standing’’ in the English speaking coun- 
tries by being active members of re- 
spective professional institutions, their 
pedagogical training should be arranged 
in the universities as a i-year course. 
The latter could be divided into a series 
of vacation courses with a cumulative 
effect leading to a diploma in Education. 

26. The sound progress of both general 
and technical education in Africa seems 
hardly possible without introducing sub- 
stantial changes in the content of the 
.present syllabi (8). While the African 
Examination Councils (both general and 
technical) will have to decide, eventually, 
as to the acceptability of the new syllabi. 
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the work on the improvement of the syl- 
labi should be initiated as scon as pos- 
sible, and should become a “grass roots” 
movement. To achieve this, African 
teachers should become acquainted with 
new developments abroad in course con- 
tent. With such aim in mind the Gov- 
ernment of Nigeria has organized, with 
the financial help of the Agency for In- 
ternational Development, vacation semi- 
nars (of 6 weeks duration), in which 
American lecturers, selected by the Na- 
tional Science Foundation in Washing- 
ton, presented the content of new Ameri- 
can-developed courses for secondary 
schools in physics, chemistry and mathe- 
matics to qualified Nigerian secondary 
school teachers, and received their sug- 
gestions as to the necessary amendments 
that would make these courses applicable 
for Africa. 

27. Such courses should be held an- 



nually in all African countries, both 
French and English speaking. ‘ Out of 
them writing groups should emerge, com- 
posed of the Africans and expatriates, who 
would oudine new text books and teach- 
ers’ manuals for use in schools on an 
experimental basis. After sufficient ex- 
perience has been gained, the Examina- 
tion Councils should be approached for 
recognizing the new course content and 
allowing the schools to set up the cor- 
responding examinations. 

28. The National Science Foundation 
and Educational Services Incorporated 
have considerable experience in the 
domain of creating new course content, 
and should put their resources at the dis- 
posal of African countries. The courses, 
mostly to be operated during vacation, 
might be supported by the Agency for 
International Development, or the Amer- 
ican foundations. 



FOOTNOTE 

1 Craftsmen (skilled workers) are, by definition adopted by the Nigerian Em- 
ployers Consultative Association, capable of performing their work without direct 
supervision; artisans (semi-skilled workers) require direct supervision by a craftsman. 
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1. Education is the basic capital in- 
vestment for economic development. 
Nearly every sophisticated observer will 
acknowledge that truism nowadays, but 
it is important to emphasize that educa- 
tion intended to lay the foundation for 
economic development must include more 
than conventional classroom work. The 
requirement is rot only for public school 
systems as normally conceived but also 
for manual and other vocational train- 
ing, business and public administration 
(in-service programs as well as others), 
and provision of the means for self- 
education. 

2. Reading is the basis of education. 
In the very act of undertaking educa- 
tion — of equipping students with the 
mechanics of reading — a country comes 
face to face with the problem of provid- 
ing reading material. 

3. Books have long demonstrated 
their effectiveness as the basic tools of 
reading, and hence of education. Books 



are most effective only if their use is co- 
ordinated with all other media of com- 
munication, including particularly ra- 
dio, television, films, and other audio- 
visual techniques and devices. In this 
day none of these methods can be con- 
sidered in isolation from the others. But 
widiout books and other printed mate- 
rials to intensify and support the educa- 
tional function of the other media the 
effect will be transitory and superficial. 

4. An indigenous book industry is the 
only means o£ producing books fully 
responsive to local needs and interests. 
It is therefore an essential element of 
economic development in any country. 
It cannot be prefabricated and “laid on" 
from abroad. It must grow in local soil 
and in closest articulation with local 
education. Useful as foreign books may 
be for some purposes, and especially dur- 
ing an interim period, they cannot serve 
the continuing need. A local book in- 
dustry is required for these reasons: 

(a) To enhance self-reliance and self- 
respect, thereby increasing the accepta- 
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bility and hence the usefulness of the 
books to be published. 

(b) To permit books to be suited to 
local conditions and especially to the edu- 
cational plans of the country concerned. 
This is obviously essential for most books 
for in-school use, but it is necessary in 
other areas also, for instance “how-to” 
books (because of geographical variation 
in tools, materials, agricultural and trade 
pract : '*s, etc.) and even books for self- 
improvement through recreational read- 
ing. 

(c) To narrow the gap between 
thinkers and doers in a society, serving 
not only to “put knowledge to work” 
but also to close the spiritual breach 
between intellectual leaders and active 
participants in day-to-day work or in the 
direction of affairs. In very few develop- 
ing countries do teachers and other 
workers with words know even the vo- 
cabulary, let alone the ways of thought, 
of people following a trade; the would-be 
writer of a book on masonry may not 
even know the common word for a 
trowel. A local book industry can bring 
about useful teamwork of thinkers; 
teachers, and doers. 

(d) To permit speed and flexibility 
in supplying the market; which cannot 
be properly served from a foreign coun- 
ty 

(e) To build the mechanism for con- 
tinuing to make books available in the 
future instead of merely supplying par- 
ticular books needed at the moment. 

(f) To permit efficient publication of 
books in mother tongues which, in most 
developing countries and at most levels 
of readership, at least at the outset, are 
needed instead of books in foreign lan- 
guages. 

5. Creation of a book industry is not 
very difficult. If, as in most countries, 



some rudiments of such an industry exist 
already, it is quite easy to stimulate and 
aid expansion of some of its parts, with- 
out even waiting for the integrated over- 
all development that an ideal national 
plan should prescribe. Although a book 
industry’s influence and usefulness ex- 
tend into every nook and cranny of the 
national economy, its own requirements 
in capital and in technical training are 
relatively modest. The basic needs for a 
book industry are: 

(a) Support from the intellectual and 
civic leadership of the country, and 
especially from the directors of education 
and the economic planners. 

(b) Personnel-training for the staff 
of publishing and printing establishments 
is a basic need. Of the chief elements 
in the total publishing operation, only 
the manufacturing phase (printing) in- 
volves mechanical techniques difficult to 
learn. Eventually every country should 
have schools of printing for meeting that 
training need; but on-the-job training, 
under foreign technicians where neces- 
sary at the beginning, is extremely use- 
ful, and selected managerial personnel 
can be given training abroad as a sup- 
plement to that. For publishing and 
distribution, in which areas the personnel 
shortages are gravest in most developing 
countries, experience shows that, for the 
right people, relatively brief periods of 
observing methods in developed coun- 
tries, supplemented by some consulting 
advice, can be adequate, without need 
for elaborate training programs. The 
mental level and the imaginative power 
of editorial personnel n ust be high, and 
those who take part in distribution 
should have outstanding business com- 
petence. But the techniques themselves 
are not complicated and can be mast e r ed 
in a very short period of time. 
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] (c) Printing-plant capacity for sup- 
's plying today’s needs is inadequate in 

nearly all developing countries, and no- 
il where is there enough capacity to meet 

the requirements that will develop in 
the next three years, let alone the more 
distant future after educational systems 
: are under full headway and the number 

\ of potential book readers has multiplied 

several fold. On the other hand, there 
•i are some plants (and an initial cadre of 

workers with some training) in virtually 
every country; and printing is a happy 
* example of an industry capable of de- 

velopment in either large units or small 
units. In particular circumstances a 
country may either expand or supplement 
existing elements or undertake dean- 
sweep construction of entirdy new large 
plants. Although, for certain kinds of 
printing, the large plant has clear eco- 
nomic advantages, there are other kinds 
of printing handled at least as well by 
small units. In other words, printing 
development does not have to be of an 
“all or nothing” sort. A country can 
start with what it has or with nothing at 
all, work toward any desired objective 
with development units of any size, and 
in either the public or the private sector 
or in a mixture of the two. 

\ (d) Materials for the printing and 

publishing industry are required in large 
] volume in the case of only one commod- 

ity — paper. A paper industry is “heav- 
ier” than printing, and in general does 
not prove economically feasible in small 
units. The economic questions involved 
in deciding whether to undertake local 
manufacture of paper are therefore more 
momentous than those relating to print- 
ing itself. It is a fact, however, that raw 
products usable in some kind of paper 
I manufacture (rice-straw, bagasse, bam- 
boo, jute, as well as conventional timber) 

I 

■;1 

| 

j 



are abundantly available and frequently 
going to waste in many developing coun- 
tries. A local or a regional paper indus- 
try is therefore a fit candidate to consider 
for inclusion in a country’s general plan 
for economic development. Besides pa- 
per, other materials required in continu- 
ing supply for a book industry, though 
in monetary ouday far' below paper, are 
ink, adhesives, offset film, type metal, 
binding thread and cloth, stitching wire, 
metal or plastic materials for platemak- 
ing, varnish and plastic coating, inked or 
metallic binding foil, and of course spare 
parts for machinery. Some of these 
may eventually be manufactured locally, 
but if not it is essential that the national 
plan arrange for suitable conditions of 
import so the development of this small 
but critical industry will not be choked 
off at the customs house. 

(e) Minor service industries supply- 
ing goods or services to groups of plants 
might include type-founding or the mak- 
ing of “sorts” by typecasting machines, 
the recasting of printing rollers, and 
platemaking, as well as manufacture of 
some of the materials listed in (d) above, 
such as ink, adhesives, thread, etc. Local 
industries of this sort are not absolutely 
essential; the needs can be met from 
abroad, or major plants may wish to per- 
form some of the operations themselves. 
These small industries are attractive in 
economic-planning terms, however, as 
representing very small units with gen- 
erally modest requirements for capital 
and number of trained personnel. 

(f) Working capital is not required 
in any enormous amount, but it must 
be available to a sufficient extent, and on 
a reasonable enough basis, to permit the 
publisher the economy of large editions 
even though the sale of those editions 
will stretch out over a period of time. 
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The concept of small business loans at 
non-extortionate interest is needed in 
many sectors of a developing economy, 
but in few cases as clearly as in the case 
of printing and publishing. In theory 
the printer’s working-capital investments 
do not take long to come back to him, 
because his customer (the publisher) is 
supposed to pay for each job as soon as 
it is finished. But if the publisher has 
insufficient cash leeway while waiting for 
the return on his editions the printer will 
suffer in turn. The need is to find how 
to finance printing-publishing as a whole 
according to some means that will permit 
editions of efficient size, yet allowing 
enough time to sell such editions with- 
out starving out the industry in the in- 
terval. 

6. Regional development of printing 
and publishing is a logical possibility in 
purely economic terms. It makes emi- 
nently good sense if one can forget about 
politics and psychology. But because of 
the sensitivity of book-publishing in 
terms of ideology and national pride, it is 
difficult to start on a regional basis. 
Much more promising is an initial de- 
centralized approach, with a pragmatic 
regional development coming later, per- 
haps at first in connection with purely ad 
hoc projects rather than with a grandiose 
regional plan likely, in the abstract, to 
arouse both commercial jealousy and na- 
tionalistic passions. Among the elements 
lending themselves to regional treatment 
are some of the minor service industries 
referred to above ; training programs for 
personnel; joint runs of presswork for 
color illustrations; and joint runs of press- 
work for the common factor in books de- 
signed to have some locally-modified sec- 
tions to suit each country but with the 
bulk of the book being uniform for all. 

As an example of the last: a world geog- 



raphy for use in the French-speaking 
portion of West Africa might have iden- 
tical maps and text for the sections of the 
book dealing with the world and with 
Africa in general, and the pages for those 
sections might be centrally printed; but 
a locally written section, varying from 
country to country, could be added for 
detailed treatment of Guinea, Senegal, 
Ivory Coast, etc. for the copies of the 
book to be used in the respective coun- 
tries. 

7. International cooperation is needed 
if the developed countries hope to assist 
developing countries in attaining the de- 
sired ends. Assistance through interna- 
tional organizations such as UNESCO 
and OECD is one of the methods. But 
in training programs, in provision of cap- 
ital and equipment, in readiness to aid 
regional development, in provision of 
help for translation and reprint programs 
where those are locally desired— in all 
of these phases— there is wide scope for 
multi-national as well as formally inter- 
national cooperation. The special com- 
petence of the Scandinavians and Jap- 
anese in paper-manufacture, of the Ger- 
mans in the field of pressroom and sim- 
ple binding equipment, of the British and 
Americans in type-casting machinery, 
suggest the benefits that will result from 
the participation of more than one coun- 
try in development plans relating to pub- 
lishing and printing. 

8. Developing countries have useful 
information and experience to exchange 
among themselves, A book industry 
which has arisen significandy in a recent 
period — the Iranian book industry, for 
example— is in many ways a more valu- 
able training ground for people from 
other developing countries than the Eu- 
ropean and American industries that 
seem to the beginner to be light-years 
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away and in any event have achieved 
their present status over centuries of 
time. 

9. Books from foreign countries, 
whether in their original editions, in in- 
expensive reprintings in the original lan- 
guage, or in translation with or without 
adaptation, have an important role to 
play; but the nature of that role will 
change as time goes on. Even for school 
textbooks it is possible that suitably 
adapted reprints or translations of books 
from abroad can sometimes meet a des- 
perate interim need (especially in the 
“skill” subjects of reading, writing, lan- 
guage, etc.) while the local country is 
learning how to produce its own. This 
sort of need will disappear as the local 
industry acquires competence in creating 
and producing books, but the need for 
some kinds of books from abroad will 
never end. Indeed, as in the United 
States and in Europe, the need for many 
kinds of foreign books in both the orig- 
inal language and translation will grow 
in proportion to the development of the 
local country’s own industry and the 
broadening of its education. 

(a) Especially in the case of countries 
with a mixed linguistic pattern of mother 
tongues but using a European language 
for instruction at all higher levels of edu- 
cation ( e.g ., India, Pakistan, and many 
African countries), the market for gen- 
eral-reading books and many kinds of 
university textbooks in original or reprint 
editions in the appropriate world lan- 
guage will continue to grow. In some 
other countries with mixed mother 
tongues but an effective national lan- 
guage (e.g., Indonesia) such books in 
translation into the national language will 
always be needed. Even in the most 
locally-oriented of all book fields — recrea- 
tional-reading for children — translated 



books serve an indispensable purpose in 
broadening horizons, injecting new ideas, 
and developing a concept of world unity. 

(b) Bookmen from developed coun- 
tries who wish to aid the developing 
countries have a high responsibility to 
distinguish between the interim and the 
continuing function of foreign books; 
and in either event to purge their own 
souls of linguistic or cultural or economic 
chauvinism. They will serve their own 
countries and their own cultures best if 
they keep in mind, as the primary crite- 
rion in everything they do, the educa- 
tional welfare of the country they are 
trying to assist. 

10. Support for a local book industry 
must come basically from the country it- 
self. Foreigners can help with ideas and 
capital and personnel-training and by 
suitable arrangements for translation and 
reprint programs where desired, but un- 
less the local country itself is determined 
to make a book industry a part of its na- 
tional development, not much progress 
can be made. The need for local support 
is not limited to the questions of import 
regulations, small business loans, etc. 
Even more important in the long run is 
the matter of encouragement of reading 
and the use of books through libraries, 
village councils, corporations, unions, and 
other institutions. 

(a) Institutional support is of special 
importance in the field of children’s 
books; and it must he remembered that 
for a long time to come the overwhelming 
majority of all book readers in develop- 
ing countries will be young people. The 
juvenile book industry in the United 
States is made possible by institutional 
purchase. More th?.n 75 percent of all 
children’s books in the United States are 
bought by institutions, chiefly school and 
public libraries; whereas there are coun- 
tries in Asia and Africa in which a book 
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publisher cannot count on more than i 
percent of his sales income from such 
sources. Massive institutional purchase 
not only supplies a firm economic base of 
direct sales but, by permitting manufac- 
ture in editions far larger than would 
otherwise be possible, lowers unit costs 
and spreads overhead, thereby lowering 
retail selling prices and increasing sales 
to the general public. 

n. Subsidy of publication is too often 
a deceptively tempting device for trying 
to increase book distribution, especially 
for foreigners with money in their hands. 
Corruption and inefficiency tend to arise, 
though this danger may be minimized to 
some extent by requiring substantial in- 
vestments from the publisher to match the 
subsidy. Moreover, subsidizing of pub- 
lishers encourages growth of a book in- 
dustry on a false economic basis, and it 
tends to produce surpluses of some titles 
in the market and shortages of others. 
Yet it is undeniable that at least pump- 
priming economic assistance can be very 
helpful in getting a book industry started. 
The safest and in the long run the most 
effective method of economic help sub- 
sidizes the purchaser rather than the pub- 
lisher. In some countries (e.g. Indonesia 
as to all university textbooks and the 
United States under the Veterans Bill) 
there have been large-scale attempts at 
subsidizing individual student purchasers 
through some system of scrip or warrants. 
That is ideal if administrative complica- 
tions do not frustrate the purpose. But 
the easiest way of subsidizing purchase is 
through institutions, especially libraries. 
And that method not only gives economic 
support in healthy form but at the same 
time puts books into circulation. 

12. A book industry is a suitable object 
of economic development in its own right 
Because it does not bulk large in direct 



financial terms, its claim on the attention 
of economic planners has been slight, yet 
it has much to recommend it. A book 
industry need not follow an inflexible pat- 
tern but can adapt itself to local condi- 
tions. It is well suited to public-private 
cooperation, and its demands on capital 
and manpower are not exorbitant. One 
of the most attractive features of the book >• 
industry is that it gives almost classic illus- 
tration of the principle of small margin 
and large volume. Furthermore, soaring 
numbers of literates assure that the mar- 
ket will expand automatically for decades 
to come, thus giving even greater encour- 
agement to those entrepreneurs who fol- 
low the “small-margin” principle. And 
because mass-market distribution in pro- 
vincial areas as well as in metropolitan 
centers would be a basic part of the p lan, 
the business influence of the book indus- 
try could extend far beyond the metrop- 
olis. The book industry, in short, can 
provide an ideal school for small-business 
development. 

Conclusion 

13* But those last thoughts are sug- 
gested as extra considerations for eco- 
nomic planners. They are mere supple- 
ments to the main argument for indige- 
nous book industries in developing 
countries. Books are the basic tools of 
education, which is itself the basic capital 
investment for economic development. 
Education is as fundamental as dams and 
highways. Indeed, without education 
dams and highways cannot be used. In- 
digenous industries for the production of 
books are necessary if there is to be a con- 
tinuing supply of books that are respon- 
sive to local needs. When a country 
establishes an educational system it makes 
a commitment leading inevit ab ly to as- 
sumption of responsibility for establish- 
ment and maintenance of a local book in- 
dustry. 
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i. The task of a country in the early 
stages of industrialization includes the 
absolutely staggering problem of how 
to devise a wise educational system. The 
task is particularly difficult in a country 
undergoing rapid social and economy 
change where the demands for educated 
people will be much greater in io years 
from now than at the present time. 
While this particular paper is specifically 
directed to only a tiny aspect of the gen- 
eral problem, it is important to see the 
educational problem as a whole and in 
a national context. A general viewpoint 
is important because it is all too easy to 
take a narrow view of any particular 
academic issue and to lose sight of its 
many ramifications within the complex 
social structure of a rapidly developing 
country. 

2. The task of designing a complete 
educational system is far outside the 
scope of this or any other single paper. 
It is a task which will present particular 
difficulties to newly developing countries 
with untested populations, unknown re- 
sources, and uncertain demands for edu- 
cated personnel. In principle, however. 



the task of an educational system can be 
described in a not too complicated way. 
An educational system is after all one 
institution within a complex social order, 
inter-related to other such institutions as 
labor, management, the government, the 
family, etc. In this social order, the edu- 
cational system has certain definite func- 
tions to perform. Furthermore, it must 
be responsive to the effects of its policies 
on the social order so that some kinds of 
self-corrective measures are initiated if 
the system becomes mal-adapted. Re- 
gardless of how well it might perform its 
formal functions, if an educational sys- 
tem arouses hostility or resentment or 
contempt in a large proportion of the 
populace, it will be changed willy- nill y 
or destroyed. 

3. What then are these functions of the 
educational system? One important 
function of an educational system is to 
produce trained personnel, fitted to fill 
the jobs that the country has available 
for these people. To a certain extent, of 
course, the trained personnel create the 
jobs that they are to fill, but broadly 
speaking there cannot be too much dis- 
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crepancy between the level of training 
of a substantial segment of the popula- 
tion and the tasks these individual? must 
perform to contribute to the further 
growth and development of the country. 
The discrepancy can of course be in any 
of several directions. At the moment, 
the crying need in many developing coun- 
tries is for people with sufficient educa- 
tion to take up important leadership roles 
in the industrial and political segments 
of society. Another serious shortage is 
that of the skilled laborer, able to func- 
tion in a modern technology although 
not at the level of top management. 
While at the moment shortages in edu- 
cated personnel exist at all levels, it is by 
no means inconceivable that a too great 
production of trained personnel at some 
particular level might outstrip current 
opportunities and market demands for 
their services. In a country with a limit- 
ed industrial system the balance may very 
well be a rather critical one. 

4. The highly industrialized coun- 
tries of Western Europe and North 
America, where the opportunities for pro- 
ductive unskilled labor are rapidly de- 
clining, must look forward to providing 
everyone an education that hereto- 
fore has been accessible only to a minor- 
ity. In many less developed countries, 
however, where labor is more economical 
than equipment, there will probably con- 
tinue to be important tasks to be per- 
formed by unskilled laborers for a num- 
ber of years. While it may seem quite 
unrealistic at the present time to worry 
about an over-supply of skilled labor, the 
task of planning an educational system 
should not neglect that possibility, 

5. To conceive of the function of an 
educational system as solely that of pro- 
viding trained personnel for jobs is quite 
incomplete. Not only trained managers, 



entrepreneurs and laborers are essential 
for the modernization and industrializa- 
tion of the new country, but even more 
important is the creation of a literate 
populace to whom new information is 
accessible. Radical social changes are ob- 
viously required in all rapidly developing 
countries, and literacy is almost an essen- 
tial for the effective communication of the 
information which will explain and bring 
about the social changes that are required. 
While perhaps literacy is most important, 
all the other aspects of “fundamental edu- 
cation”, such as health, sanitation, etc., 
are important for the development of new 
countries and they must ordinarily be 
provided for within the formal educa- 
tional system. Precisely because the coun- 
try is rapidly developing, these kinds of 
fundamental educational skills and train- 
ing can hardly be left to the home to be 
inculcated as part of the naturally oc- 
curring socialization process. 

6. Still a third function of the educa- 
tional system of the less developed coun- 
tries is the much more intangible one of 
inculcating the motivation for social 
change and modernization. A motiva- 
tion for achievement and the attitudes 
that promote social change will eventually 
be well rooted in the citizenry of the coun- 
try, but in the early phases of its develop- 
ment, these kinds of motivations cannot 
be expected to develop within the family 
that is tied to the traditional system. 
While modern social science has but little 
advice to offer for the attainment of this 
educational objective, it is important to 
examine with whatever wisdom we have 
the possible consequences of educational 
policies on the motivation of the citizenry 
of a new country. 

7. This paper will be concerned with 
only one small aspect of the final func- 
tion in the above list, but it is important 
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to keep the context in mind and to main- 
tain sensitivity to the indirect ramifica- 
tions of whatever educational policy is 
under consideration. 

8. The primary topic of this paper is 
the utilization of talent and by this we 
mean the utilization of unusual talent. It 
is easy to become sentimental about the 
utilization of talent and to feel that there 
is an inherent obligation for a social sys- 
tem to maximize and utilize all the latent 
talents of all its members. It is important, 
therefore, to recognize the fact that wast- 
age of talent is not necessarily socially dys- 
functional. It is entirely possible that 
there are potential talents in a society that 
are not very useful to it; this is perhaps 
more likely to be true in a less developed, 
less industrialized social system than in a 
well established country. 

9. But if there may be dangers of de- 
veloping useless kinds of talent in a so- 
ciety, high level, intellectual talent is 
surely not included. It seems very diffi- 
cult to imagine even a small newly indus- 
trialized society having too many intel- 
ligent entrepreneurs, managers, and social 
leaders. We need to increase markedly 
the number of such people. 

10. The problem of producing highly 
intelligent and sophisticated people in ap- 
propriate numbers involves two issues. 
The first of these is the identification of 
the potential leaders, the potential man- 
agers, and the potential intellectuals in 
the society. The sc „ond problem is con- 
cerned with the development of these po- 
tentialities through formal education, or 
some other social process. 

11. There are in a sense two rival sys- 
tems for the development of this sort of 
intellectual talent. The distinct ion be. 
tween the two systems is by no means a 
sharp, black and white one, but, neverthe- 
less it exists. In many countries there is 



an explicit plan for selecting the potential 
elite of the society at a relatively early age 
and providing that group of children with 
an especially stimulating educational en- 
vironment, a highly demanding educa- 
tional curriculum and more than its share 
of educational opportunities. Out of this 
group come almost all government lead- 
ers, industrial managers, and practitioners 
of the various legal, medical, and aca- 
demic professions. 

12. The alternative system which is 
espoused in the United States and some 
other countries is to leave the selection 
process to the naturally occurring factors 
that result in voluntary drop outs from 
school by students who perform badly 
and to delay formal selection procedures 
to the point where the student is actually 
an applicant for a university or a respon- 
sible job. Thus, students for universities 
are selected at the time they apply rather 
than at the age of 8 or 11 or 12. A fair 
amount of the weeding out of the unsuit- 
able occurs after admission to educational 
institutions or to professional jobs them- 
selves. 

13. The arguments for the two points 
of view are quite familiar and unfor- 
tunately neither position is well buttressed 
with empirical evidence. Proponents of 
the policy of early selection point to its 
efficiency; they deplore the tremendous 
wastage of investment in bringing stu- 
dents through to the end of an educa- 
tional career only then to discover that 
they are unsuited for the profession that 
they planned to enter. Proponents of the 
early selection system also point to the 
fact that a much better and more ad- 
vanced educational program can be pro- 
vided for the selected group if the clientele 
is not diluted by the less competent an d 
less able. 

14. The arguments on the other side 
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are equally familiar but speak at cross 
purposes to the arguments just recited. 
Proponents of the freer more flexible sys- 
tem point to the importance of permitting 
changes and plans as late as possible, they 
point to the inability of students at young 
ages to be motivated for the kinds of lgter 
careers for which they may well be suited, 
and they point to the difficulty in making 
the predictions that are involved in the 
early procedures. 

15. Let us look first at the efficiency of 
the early selection policy without any re- 
gard for broader issues like democratiza- 
tion of education or the injustice that ap- 
pears to be involved in an early selection 
procedure. The efficiency of such a plan 
depends among others upon the following 
empirical considerations. If an elite 
group is selected at any particular age, 
what percentage of that group would be 
chosen for the same elite if the selection 
were done at maturity? To make the is- 
sue concrete, if the top 1 percent of the 
children at age 5 were selected, what per- 
centage of that group would be in the top 
1 percent of adults at age 25. This meas- 
ure of efficiency, of course, indicates how 
much of the investment that is put into 
the selected group is partially or com- 
pletely wasted by virtue of the fact that 
they are unable to perform the functions 
for which they were trained. 

16. The data, of course, are not avail- 
able for an accurate appraisal of this wast- 
age of educational resources in the con- 
text of a developing country, but one bit 
of relevent information is the later ex- 
perience of the group of gifted children 
studied by Professor Terman and his col- 
leagues. (1) He picked a group of chil- 
dren well within the top 1 percent of the 
population in terms of intellectual ability. 
Actually, he picked fewer than 1 per cent 
of the population, but we might take this 



group as representing the top 1 percent. 
Twenty years later this same group of 
children was retested. As well as we can 
estimate it, it seems that approximately 
40 percent of the original gifted group 
were in the top 1 percent of the popula- 
tion 20 years later. The group as a whole 
was clearly superior to the average, and 
only 6 percent of the gifted group were 
below average in intellectual functioning 
as adults; nevertheless, more than half of 
them no longer met the criteria of being 
in the top 1 percent of the population. 
This group was originally picked among 
children from the third to eighth grades 
and, therefore, was originally tested after 
the period of highly unstable intelligence 
quotients that are characteristic of the 
pre-school years. If the same selection 
had been made at the age of 5 or 6, there 
would have been a substantially smaller 
percentage who remained in the top 1 per- 
cent of the population. 

17. Several factors need to be consid- 
ered before we draw a serious analo gy 
between these results and those that 
would be expected from the policy of 
early selection of talented children to re- 
ceive a special elite education. 

18. The gifted children that Terman 
selected were not put into any special edu- 
cational program designed to capitalize 
upon their high level of talent Had 
they been recipients of such special edu- 
cational efforts, a higher percentage of 
them might have remained in the top 
one percent. Actually, however, a great 
many of the gifted children in the Ter- 
man group did receive special educa- 
tional attention because they came from 
families above average in social-economic, 
level. These educational advantages in- 
cluded private lessons, attendance at pro- 
paratory schools, and encouragement to 
continue on for university education. 
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trcmcly important and is needed in such 
quantities, it would be serious to pass 
up 60 percent of the available talent by 
a selection procedure. 

24. Another problem of prediction lies 
in the use of intelligence tests for the 
selection of future leaders. Almost the 
only measures of children that could be 
used are measures of intellectual func- 
tioning, yet the follow-up study of the 
gifted children shows that even those who 
are highly intelligent are not necessarily 
leaders. About 70 percent of the gifted 
children held occupations as adults in 
the top two occupational classifications, 
i.e., professional and semi-professional 
and higher business occupations. About 
13 percent of the employed male pop- 
ulation of the United States hold these 
positions. So again we find that only 
70 percent of the top 1 percent of chil- 
dren land in the top 13 percent of the 
occupations. The results are far better 
than chance, of course, but not very im- 
pressive as a selection procedure. 

25. From the point of view of effi- 
ciency, therefore, it seems that selection 
as early as the third grade leaves much 
to be desired in the way of an adequate 
selection of the eventual elite group. No 
firm recommendations for or against 
such a procedure can be made without 
more precise information about the par- 
ticular demands of the country. It would 
appear, however, that caution is well 
advised before adopting a policy of an 
irreversible selection of children who are 
to receive intensive educational oppor- 
tunities. 

26. Quite aside from the efficiency of 
the selection procedure, it is well to con- 
sider in a more general way some of the 
auxiliary consequences that might be en- 
tailed by a policy of early identification. 

It would certainly reduce the amount of 
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resources available for investment in edu- 
cation of the unselected group, and the 
consequences of this deprivation must de- 
pend upon the magnitude of the reduc- 
tion. Probably no one v/ould recommend 
that the entire educational effort of a 
country would go into the training of a 
select group. It seems almost inconceiv- 
able that fundamental education for the 
entire population would not receive a 
priority as high as intensive cultivation 
of the highly talented child. 

27. Whether the procedure would pro- 
duce a discontinuous array of talents at 
various intellectual levels is difficult to 
appraise without the concrete details of 
a particular country in mind. In view 
of the fact that there is certainly an im- 
portant need for skilled labor and for 
people at the level of foremen and sub- 
ordinate supervisory personnel, it would 
seem essential that the educatio nal sys- 
tem should produce people at various 
levels of training and that there should 
not be a large gap between a top group 
and the rest of the' population. Of course, 
the mere failure of the selection proce- 
dure would insure a certain amount of 
spread of the highly trained down 
through the ranks, but the provision of 
adequate training at all levels should be 
an explicit, not an incidental, consequence 
of an educational policy. 

28. Not only would a gulf between an 
elite and the rest of the population be 
disadvantageous from the point of view 
of vocational selection, but it would sure- 
ly carry some political and social dangers. 
One of the hindrances to social change 
in the less developed countries is fre- 
quendy the existence of an already en- 
trenched elite who have much emotional 
investment in the traditional way of life. 

It seems all too likely that an early selec- 
tion procedure would likely select chil- 



ma *** •»’ tV •■' ■! ,- - 'VWlTiliM 4 ^i r^ V- 



’’ I '"' kJ - p - ■~’ V P ^5*55 Vf- — ♦.«?» w r*— " l %'• «v>’ ■ J 7RI- AVw^^Tt^V’i- 



vrrrrr wwm mmm ■ «qga kj ^ 11 * ,> ^p> i w q B ^s 

' 4 "■ " .■■:■• ‘ ' " ' -■ - - • * ■ 



* + "* 1 r<M ttr r >i mmm i Lk mim i ■ at ■ 1 1 m <M aa*a**Aofc mm tik f *£*& H M i Oftom At ft l UM Oi . t ifciV V^. i-iiv-^ -'f«- rni ifiW > r ni— temi^aamr lAmmmj mmimmim 



dren from these advantaged families and 
that such a procedure might, therefore, 
lead to* actual resistance against modern- 
ization. 

29. It is apparent that the author of 
this paper cannot see the wisdom of an 
extreme strategy of selecting highly tal- 
ented children at a young age and pro- 
viding them with extraordinary educa- 
tional opportunities at the expense of the 
general educational system. At the same 
time, it is not necessary to support a com- 



pletely unselective procedure. There are 
alternative strategies that might be de- 
vised. For example, there might be a 
series of selections so that an error at one 
level would not have such serious con- 
sequences. Or there might be provision 
for reconsideration of rejected students 
in order that those people who may de- 
velop abilities or motivations later than 
usual may be captured for the important 
leadership roles so necessary in the growth 
of the less developed countries. 
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